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D scription 

Background of the Invention 

1. Field of the Invention 

[0001] The present invention relates to a degradable 
polymer having a structure resulting from a combination 
of a star-shaped polymer which is obtained by carrying 
out dehydration condensation of hydroxycarboxylic acid 
with polycarboxylic acid or anhydride thereof having 
three and more carboxyl groups or aliphatic polyhydric 
alcohol having three and more hydroxy! groups as a 
center compound, through aliphatic polyhydric alcohol 
having two and more hydroxyl groups or polycarboxylic 
acid or anhydride thereof having two and more carboxyl 
groups; and a preparation process of the same. 
[0002] The degradable polymer of the invention has 
a remarkably high melt tension while maintaining equiv- 
alent-or-highGr-transpareney as compared with common 
aliphatic polyester prepared by conventional technique, 
for example, aliphatic polyester obtained by poly- 
condensation of aliphatic polycarboxylic acid and poly- 
hydric alcohol and aliphatic polyester obtained by poly- 
condensation of aliphatic hydroxycarboxylic acid. The 
degradable polymer of the invention exhibits excellent 
processing ability due to the characteristic in blow mold- 
ing, foaming, inflation molding and other various 
processing methods. 

[0003] Further, the degradable polymer of the inven- 
tion is characterized in much less coloration as com- 
pared to a copolymer prepared from polysaccharide as 
a polyfunction^ center compound and aliphatic polyes- 
ter, for example, aliphatic polyester obtained by poly- 
condensation of aliphatic polycarboxylic acid with 
aliphatic polyhydric alcohol and aliphatic polyester ob- 
tained by polycondensation of hydroxycarboxylic acid. 
[0004] The degradable polymer of the invention can 
be processed by utilizing the favorable properties into 
various molded article and work pieces, and is useful as 
a substitute of medical materials and general purpose 
resins. 

2. Description of the Related Art 

[0005] In recent years, waste disposal has become a 
problem in connection with environment protection. 
Specifically, molded articles and work pieces of com- 
mon general purpose polymer materials lead to prob- 
lems in waste disposal sides, because they cannot be 
degraded of or disintegrated by the action of microor- 
ganisms and semipermanently remain in soil as extra- 
neous matter. They also cause elution of plasticizers 
and other additives and contaminate the environment. 
Further, in the cas of incinerating these matters as 
refuse, it has caused damag of th incinerator due to 
a great quantity of heat generated by combustion and 
numerous ill effects of discharged smok and exhaust 


gas on the atmospheric pollution, ozone layer destruc- 
tion, warming of the earth's atmosphere and acid rain. 
[0006] In view of this situation, a polymer material 
having excellent degradability and toughness at the 
5 same time has been strongly desired. N vertheless, the 
polymer material which can conform to such demand 
has not yet been supplied. 

[0007] Conventionally, polyhydroxycarboxylic acid 
and polysaccharide have a characteristic of hydrolyzing 

10 with ease in the presence of water. When these poly- 
mers are usedfor a general purpose resin, they degrade 
without contaminating the environment after waste dis- 
posal, so they are friendly to the environment. When 
these polymers are remained in a living body as a med- 

15 jcal material, they are degraded and absorbed in the liv- 
ing body without giving toxicity to the living body after 
attaining the object, so they are thus friendly on the living 
body. These excellent properties have already focused 
attention before filing the invention. 

20 [0008] For example, poiyiactic acid and cellulose ac- 
etate have a characteristic of hydrolyzing with ease in 
the presence of water, respectively. In the case of using 
these polymers as a general purpose resin, these poly- 
mers are harmless to the environment because of deg- 

25 radation without contamination of the environment after 
waste disposal. In the case of holding the polymers in a 
living body as a medical material, these polymers do not 
give an adverse effect on the living body, can be decom- 
posed and absorbed in the living body without poisoning 

30 after attaining the object, and thus have a characteristic 
of being harmless to the living body. 
[0009] However, in the case of processing into mold- 
ed articles or work pieces such as a film and filament, 
polylactic acid is excellent in transparency and simulta- 

35 neously has problems of brittleness, high hardness, lack 
in flexibility and low melt tension. Cellulose acetate can 
be used for a cigarrete filter and photographic base film, 
whereas it has suffered the disadvantage of requiring 
an extraordinarily great amount of plasticizer. 

40 [0010] In view of the technical background above, 
techniques have been developed in order to overcome 
these problems. The technique is to radially add high 
molecular weight degradable polymers as side chains 
to a polyfunctional center compound by ring-opening 

<5 polymerization of lactide, that is, a cyclic dimer of lactic 
acid and cyclic monomers such as lactones, for exam- 
ple, e-caprolactone. 

[0011] For example, BP 2,145,422 has disclosed a 
technique on a polymer obtained by adding polylactic 

50 acid or polyhydroxycarboxylic acid as a side chain to a 
hydroxyl group of polyhydric alcohol such as sugar or 
sugar alcohol. More specifically, the disclosed tech- 
nique relates to ester of polyhydric alcohol which in- 
volves ester bonds formed by hydroxyl groups of poly- 

55 hydric alcohol and carboxyl groups of polylactic acid or 
copolylactic acid. That is, the disclosed techniqu re- 
lates to the polymer which is obtained by esterifying pol- 
yhydric alcohol such as glucose or a derivative thereof 
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having a molecular weight of 20,000 or less with poly- 
lactic acid or a derivative thereof or with copoly lactic acid 
or a derivative thereof having a molecular weight of 
5,000 or more, 

[001 2] The ester of polyhydric alcohol has a relatively 5 
low molecular weight and is suitable for being applied 
to a slow release medicine and other DDS. 
[001 3J USP 5,210,108 has disclosed a technique re- 
lating to a rigid resin foam of a star-shaped polymer 
which is obtained by using a polyf unctional center com- 
pound having 3-100 amino or hydroxy! groups and 5 - 
1 0,000 carbon atoms and by radially adding two or more 
high molecular weight arms (side chains) to the poly- 
functional center compound. 

[0014] The high molecular weight degradable side 
chain is a segment compound of polyhydroxycarboxylic 
acid such as polylactic acid, polyglycolide or polycapro- 
lactone, and has a specific structure that the portion 
close to the polyfunctional center compound is com- 
posed of-an amorphous segment and the portion remote 
from the polyfunctional center compound is composed 
of a semi crystalline segment. 

[0015] Further, Japanese Laid-Open Patent HEI 
6-287279 has disclosed a preparation process of a lac- 
tide-based graft copolymer obtained by reacting cellu- 
lose ester or cellulose ether with lactide. 
[0016] That is, the technique is characterized by car- 
rying out ring opening graft copolymerization of lactide 
with cellulose ester or cellulose ether in the presence of 
an esterification catalyst and can provide a preparation 
process of a lactide-based graft copolymer which is ex- 
cellent in transparency, degradability, thermoplastic 
property and laminating ability. The above mentioned 
prior techniques are ring-opening polymerization meth- 
ods, and these ring-opening polymerization methods re- 
quire conventionally many processes compared with di- 
rect dehydration condensation, and a cyclic dimer is ex- 
pensive. Further, the technique has suffered problems 
of liability to coloration in the step of adding the degra- 
dable high polymer side chain to polysaccharide, a poly- 
functional center compound. 

[0017] In such a technique for providing the polyfunc- 
tional center compound with a degradable high molec- 
ular weight side chain by ring-opening polymerization of 
a cyclic monomer such as lactide and lactones or direct 
dehydration condensation of a hydroxycarboxylic acid 
such as lactic acid in place of lactide or lactones, when 
the amount of the polyfunctional center compound is in- 
creased, the equivalent ratio of the hydroxyl group or 
amino group to thecarbonyl group or carboxyl group de- 
viates from 1 in the reaction and thus it is generally dif- 
ficult to obtain a degradable polymer having a molecular 
weight high enough to exhibit high melt tension. The 
trend is increased in particular, when the polyfunctional 
center compound is a low molecular compound. 
[0018] The present inventors have already disclosed 
in USP 5,310,865 a technique for preparing a high mo- 
lecular weight aliphatic polyhydroxycarboxylic acid in 


high purity and a technique for preparing a film, filament 
and molded article which comprise said polyhydroxycar- 
boxylic acid and have excellent strength by directly car- 
rying out dehydration condensation of aliphatic hydrox- 
ycarboxylic acid without using a cyclic monomer. 
[0019] The adoption of the technique disclosed in 
USP 5,310,865 has for the first time enabled to obtain 
a high molecular weight aliphatic polyhydroxycarboxylic 
acid by directly carrying out dehydration condensation 
of the intact aliphatic hydroxycarboxylic acid such as 
lactic acid and other non-cyclic monomers instead of the 
cyclic dimers of the same. 

[0020] DE 44 40 858A discloses biodegradable poly- 
mers that can be obtained by a process comprising re- 
acting a hydroxycarboxylic acid, a compound with at 
least three hydroxy orcarboxy groups and diacids or di- 
ols in the presence of a catalyst. The hydroxycarboxylic 
acid and the compound with at least three hydroxy or 
carboxy groups are present in the polymer only in low 
amounts comparedwith-the diacids or diols. 
[0021] The object of the invention is to obtain a de- 
gradable polymer having properties described below by 
further developing the technical concept disclosed in 
USP 5,310,865. 

1) Much less coloration as compared with copoly- 
mers obtained by using polysaccharide as a poly- 
functional center compound. 

2) High melt tension as compared with common 
aliphatic polyester. 

3) Excellent in foaming property and other process- 
ing properties as compared with common aliphatic 
polyester. 

4) Equivalent or higher transparency as compared 
with common aliphatic polyester. 

Summary of the Invention 

[0022] As a result of an intensive investigation in order 
to solve the above subjects, the present inventors have 
found that a degradable polymer having a structure re- 
sulting from a combination of a star-shaped polymer 
which results from dehydration condensation of hydrox- 
ycarboxylic acid by using polycarboxylic acid or anhy- 
dride thereof having three and more carboxylic groups 
or aliphatic polyhydric alcohol having three and more hy- 
droxyl groups as a center compound, through aliphatic 
polyhydric alcohol having two and more hydroxyl groups 
or polycarboxylic acid or anhydride thereof having two 
and more carboxylic groups, can achieve the above ob- 
jects. Thus the present invention has been completed. 
[0023] That is, an aspect of the invention is a prepa- 
ration process of a degradable polymer according to 
claim 1 . 

[0024] The preferred embodiments of th present in- 
vention are defined in the dependent claims. 
[0025] A further aspect of th invention is a degrada- 
ble polymer obtainable by the process of the present in- 
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vention and foams, molded articles, containers, sheets 
or films containing said degradable polymer. 

Detailed Description of the Preferred Embodiments 

[0026] According to the preparation process of the in- 
vention, a degradable high molecular weight polymer 
can be obtained by dehydration condensation of, for ex- 
ample, lactic acid, butane-1,2,3,4-tetracarboxylic acid 
and 1 ,4-butanediol in an organic solvent in the presence 
of a catalyst. The degradable polymer has a high melt 
tension in addition to the excellent toughness and trans- 
parency which are essential properties of polylactic ac- 
id, and is suited for providing processed products such 
as foams and formed articles by blow molding. 
[0027] The present invention will hereinafter be illus- 
trated in detail. When references and the cited scope of 
the references are clearly indicated in the present spec- 
ification, all description in the references are regarded, 
unless.otherwise.noted..as.a.part.of the-disc!osurein-the 
specification and shall be an item or disclosure which 
can be directly introduced without misunderstanding by 
those skilled in the art on the basis of tie item or disclo- 
sure and the cited scope of reference which are de- 
scribed in the specification. 

[0028] The aliphatic hydroxycarboxylic acid which 
can be used as the component (A) in the invention is an 
aliphatic carboxylic acid having a hydroxyl group in the 
molecule and no particular limitation is imposed upon 
the acid. Specific hydroxycarboxylic acids which are 
suited for the invention include, for example, lactic acid, 
glycolic acid, 3-hydroxybutyric acid. 4-hydroxy butyric 
acid, 4-hydroxyvaleric acid, 5-hydroxyvaleric acid and 
6-hydroxycaproic acid. Lactic acid is preferably used in 
view of transparency of the resulting degradable poly- 
mer. These hydroxycarboxylic acids can be used singly 
or as a mixture. When two or more hydroxycarboxylic 
acids are used in combination, a combination of lactic 
acid with other aliphatic hydroxycarboxylic acid is pre- 
ferred in view of transparency of the degradable polymer 
obtained. 

[0029] When an asymmetric carbon is present in the 
molecule like lactic acid, any of the D-isomer, L-isomer 
and an equal amount mixture of these isomers (racemic 
isomer) can be used for the invention. L-Lactic acid is 
preferred in particular. 

[0030] Cyclic dimers and lactones of the above hy- 
droxycarboxylic acids can be used in place of aliphatic 
hydroxycarboxylic acid of component (A) in combination 
with component (B); (b-3) aliphatic polyhydric alcohol 
having three or more hydroxyl groups. Specific exam- 
ples of cyclic dimers and lactones of aliphatic hydroxy- 
carboxylic acid which can be suitably used in the inven- 
tion include lactide, that is, a cyclic dimer of lactic acid, 
glycolide, that is, a.cyclic dimer of glycolic acid, ^-pro- 
piolacton , y-butyrolactone, 5-valerolactone and e- 
caprolacton . Lactide is preferred in view of transparen- 
cy of the degradable polymer obtained. Th cyclic dim- 


ers and lactones of aliphatic hydroxycarboxylic acid can 
be used singly or as a mixture. When using two or mor 
cyclic dimers and lactones of aliphatic hydroxycarboxy- 
lic acid in combination, a combination of lactide with oth- 

5 er cyclic dimers or lactones of aliphatic hydroxycarbox- 
ylic acid is preferably used in view of transparency of 
the resulting degradable polymer. 
[0031] When an asymmetric carbon is present in the 
molecule like lactide, any of the D-isomer, L-isomer, and 

10 meso-isomer can be used. L-lactide is preferably used 
in particular. 

[0032] No particular limitation is put in the invention 
upon component (B), (b-1) polycarboxylic acid having 
three or more carboxyl groups and (b-2) acid anhydride 

15 of polycarboxylic acid having three or more carboxylic 
groups. Both liner compounds and cyclic compounds 
are included. Linear compounds are generally preferred 
because of a high molecular weight, high melt tension, 
low brittleness. and readiness to obtain a degradable 

20 .polymer havlng-these-excellent-prcpsrtiss. 

[0033] Specific cyclic compounds which can be used 
in the invention include, for example, 1,2,3,4,5,6-cy- 
clohexanehexicarboxylic acid, 1 ,2,3,4-cyclopentanetet- 
racarboxylic acid, tetrahydrofuran-2R, 3T, 4T, 5C-tet- 

25 racarboxylic acid, 1,2,3,4-cyclobutanetetracarboxylic 
acid, 4-carboxy-1,1-cyclohexanediaceticacid, 1,3,5-cy- 
clohexanetricarboxylic acid, 1 ,3,5-trimethyM ,3,5-cy- 
clohexanetricarboxylic acid. (1a, 3a, 5 ,3,5-trime- 
thyl-1 ,3,5-cyclohexanetricarboxylic acid and other alicy- 

30 clic polycarboxylic acids; 2,3,4,5-furantetracarboxylic 
acid, 2-methyl-3,4,6-pyridinetricarboxylic acid and other 
heterocyclic polycarboxylic acids; trimeilitic acid, pyrom- 
ellitic acid and other aromatic polycarboxylic acids; and 
acid anhydride of these cyclic compounds. These cyclic 

35 compounds can be used singly or as a mixture. 

[0034] When an asymmetric carbon is present in the 
molecule, any of D-isomer. L-isomer, and an equal 
amount mixture of these isomers (racemic isomer) can 
be used. 

40 [0035] Representative linear compounds which can 
be used in the invention include, for example, butane- 
1,2,3,4-tetracarboxylic acid, meso-butane-1 ,2,3,4-tet- 
racarboxylic acid, 1 ,3,5-pentanetricarboxylic acid, 
2-methylpropanetricarboxylic acid, 1 ,2,3-propanetricar- 

45 boxylic acid, 1 ,1 ,2-ethanetricarboxylic acid, 1 ,2,4-buta- 
netricarboxylic acid and other aliphatic polycarboxylic 
acids; and acid anhydrides of these linear polycarboxy- 
lic acids. These linear polycarboxylic acids can be used 
singly or as a mixture. Butane-1 ,2,3,4-tetracarboxylic 

50 acid, meso-butane-1 ,2,3,4-tetracarboxylic acid and acid 
anhydrides of these carboxylic acids are preferred in 
particular. 

[0036] When an asymmetric carbon is present in the 
molecule any of the D-isomer, L-isomer and an equal 
55 amount mixture of these isomers (racemic isomer) can 
be used. 

[0037] Component (B), (b-2) acid anhydride of poll- 
carboxylic acid having thre or mor carboxyl groups 
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can be a compound having an anhydride bond in the 
molecule or a cyclic or linear compound obtained by 
forming an anhydride bond between molecules. The ac- 
id anhydride having an anhydride bond between mole- 
cules can be a dimer, oligomer or polymer. Further, a 
polymerized linear condensate of two or more polycar- 
boxylic acids having three or more carboxyl groups can 
also be used. 

[0038] The term "linear 41 has concept opposite to 
"small ring" and not opposite to "branched". Conse- 
quently, the concept of the term "linear is absolutely not 
a "small ring" and includes straight line, large ring, 
branched and other structures. 
[0039] Representative compounds of (B); (b-3) 
aliphatic polyhydric alcohol which has three or more hy- 
droxyl groups and can be used for the invention include 
for example, glycerol, pentaerythritol, dipentaerythritol, 
trimethylolethane, trimethylolpropane and other aliphat- 
ic linear polyhydric alcohols and inositol and other alicy- 
clic ppjyh yd ric alcohols. These-po!yhydr!c-a!coho!s can 
be used singly or as a mixture. And in these compounds, 
pentaerythritol is preferred. When pentaerythritol is 
used, the degradable polymer obtained is difficult to 
color and has generally Yl of 3 or less. 
[0040] When an asymmetric carbon is present in the 
molecule, any of the D-isomer, L-isomer and an equal 
amount mixture thereof (racemic isomer) can be used. 
[0041] Component (C), (C-1 ) polycarboxylic acid hav- 
ing two or more carboxyl groups and (C-2) acid anhy- 
dride of polycarboxylic acid having two or more carboxyl 
groups which are used in the invention, have no restric- 
tion in particular and include linear compounds and cy- 
clic compounds. 

[0042] Aliphatic dicarboxylic acid, aromatic dicarbox- 
ylic acid and acid anhydride of the same are more pref- 
erably used in view of easy availability of the raw-mate- 
rial and polymerization procedure. 
[0043] Component (C), (C-2) acid anhydride of poly- 
carboxylic acid having two or more carboxyl groups can 
have an acid anhydride bond in the molecule or can be 
a cyclic or linear molecule having an acid anhydride 
bond between molecules. A dimer or higher oligomer 
and polymer can also be included when the acid anhy- 
dride bond is present between molecules. 
[0044] Specific cyclic compounds which can be used 
in the invention include, for example, cyclohexanedicar- 
boxylic acid and other alicyclic dicarboxylic acids; 
terephthalic acid, 1 ( 4-phenylenediacetic acid, phenyl- 
succinic acid, 2,6-naphthalenedicarboxyIic acid and 
other aromatic dicarboxylic acids; 1 ,2,3,4,5,6-cyclohex- 
anehexacarboxylic acid, 1 ,2,3,4-cyclopentanetetracar- 
boxylic acid, tetrahydrofuran-2R, 3T, 4T, 5C-tetracar- 
boxylic acid, 1,2,3,4-cyclobutanetetracarboxylic acid, 
4-carboxy-1 ,1 -cyclohexanediacetic acid, 1 ,3,5-cy- 
clohexanetricarboxylic acid, 1 ,3,5-trimethyM ,3,5-cy- 
cloh xanetricarboxylic acid, (1a, 3a, 5f})-1 ,3,5-trime- 
thyM ,3,5-cyclohexanetricarboiylic acid and other alicy- 
clic polycarboxylic acids having three or more carboxyl 


groups; 2,3,4,5-furantetracarboxylic acid, 2-methyl- 
3,4,6-pyridinetricarboxylic acid and other heterocyclic 
polycarboxylic acids having three or more carboxyl 
groups; trimellitic acid, pyromellitic acid and other aro- 
5 matic polycarboxylic acid having three or more carboxyl 
groups; and acid anhydrides of these polycarboxylic ac- 
ids. These polycarboxylic acids can be used singly or 
as a mixture. 

[0045] Specific linear compounds which can be used 

10 in the invention include, for example, succinic acid, oxal- 
ic acid, malonic acid, glutaric acid, adtpic acid, pimelic 
acid, suberic acid, azelaic acid, sebacic acid, undeca- 
noic diacid and dodecanoic diacid, 3,3-dimethylpentane 
diacid and other aliphatic dicarboxylic acids; butane- 

15 1,2,3,4-tetracarboxylic acid, meso-butane-1 ,2,3,4-tet- 
racarboxylic acid, 1,3,5-pentanetricarboxylic acid, 
2-methylpropanetricarboxylic acid, 1 ,2,3-propanetricar- 
boxylic acid, 1,1,2-ethanetricarboxy lie acid, 1,2,4-buta- 
netricarboxylic acid and other aliphatic polycarboxylic 

20 acid having three or more carboxyl groups; and acid an- 
hydrides of these polycarboxylic acids. These polycar- 
boxylic acids can be used singly or as a mixture. 
[0046] When an asymmetric carbon is present in the 
molecule, any of the D-isomer, L-isomer and an equal 

25 amount mixture of those isomers (racemic isomer) can 
be used. 

[0047] Specific compounds of component (C), (C-3) 
aliphatic polyhydric alcohol which has two or more hy- 
droxyl groups and can be used for the invention include, 

30 for example, ethylene glycol, diethylene glycol, Methyl- 
ene glycol, propylene glycol, dipropylene glycol, 1 ,3-bu- 
tanediol, 1 ,4-butanediol, 3-methyl-1 ,5-pentanediol, 
1 ,6-hexanediol, 1 ,7-heptanediol, 1 ,8-octanediol, 
1,9-nonanediol, neopentyl glycol, 1 ,4-cyclohexaned- 

35 imethanol, glycerol, pentaerythritol, dipentaerythritol, 
trimethylolethane, trimethylolpropane and other aliphat- 
ic linear polyhydric alcohols and inositol, 1 ,4-cyclohex- 
ane dimethanol and other alicyclic polyhydric alcohols. 
These polyhydric alcohols can be used singly or as a 

40 mixture. When an asymmetric carbon is present in the 
molecule, any of the D-isomer, L-isomer and an equal 
amount mixture of these isomers (racemic isomer) can 
be used. 

[0048] As to the amounts of component (A) and com- 
45 ponent (B) for use in the invention, the amount of com- 
ponent (B) is in the range of 0.005 - - 10% by weight, 
preferably 0.01 - 5% by weight, based on the theoretical 
amount of polymer resulting from complete homopoly- 
merization of component (A). When the amount of com- 
50 ponent (B) is less than 0.005% by weight, melt tension 
of resulting degradable polymer becomes insufficient. 
On the other hand, the amount of component (B) ex- 
ceeding 10% by weight tends to cause gelation of re- 
sulting degradable polymer. 
55 [0049] As to the amounts of component (A) and com- 
ponent (B) in the case of using a cyclic dimer or lactone 
in place of aliphatic hydroxycarboxylic acid of compo- 
nent (A), the amount of component (B) is in th range 
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of 0.005 - 1 % by weight, preferably 0.0 1 - 0.5% by weight 
based on the theoretical amount of polymer resulting 
from complete homopolymerization of the cyclic dimer 
or lactone. When the amount of component (B) is less 
than 0.005% by weight, melt tension of the resulting de- 
gradable polymer becomes insufficient. On the other 
hand, the amount exceeding 1% by weight reduces at- 
tainable molecular weight of the resulting polymer due 
to the effect of byproduct water accompanied by the re- 
action and the degradable polymer having practical 
strength becomes difficult to obtain. As a reaction meth- 
od in such case, the attainable molecular weight can be 
Increased by previously conducting ring-opening polym- 
erization and successively carrying out the dehydration 
condensation method described in the invention in order 
to further progress the dehydration condensation reac- 
tion. However, the method requires complex procedures 
and is not an effective countermeasure. 
[0050] The equivalent ratio of the hydroxy! group to 
carboxyl-groupJn-component-(B) and-component (G) is 
100 : 90 - 110. When the equivalent ratio in component 
(B) and component (C) is outside of the above range, 
melt tension of the resulting degradable polymer be- 
comes insufficient, or the molecular weight of the poly- 
mer does not increase and the degradable polymer hav- 
ing practical strength becomes difficult to obtain. 
[0051] Representative catalysts which can be used, 
in the invention are metals of the group II, III, IV and V 
in the periodic table and oxides or salts of these metals, 
and include for example, zinc powder, tin powder, alu- 
minum, magnesium and other metals; stannous oxide, 
antimony oxide, zinc oxide, aluminum oxide, magnesi- 
um oxide, titanium oxide and other metal oxides; stan- 
nous chloride, stannic chloride, stannous bromide, stan- 
nic bromide, antimony fluoride, zinc chloride, magnesi- 
um chloride, aluminum chloride and other metal haloge- 
nides; tin sulfate, zinc sulfate, aluminum sulfate and oth- 
er metal sulfates; magnesium carbonate, zinc carbon- 
ate and other metal carbonates; tin acetate, stannous 
octoate, tin lactate, zinc acetate, aluminum acetate and 
other metal organocarboxylates; tin trifluorometh- 
anesulfonate, zinc trifluoromethanesulfonate, magnesi- 
um trifluoromethanesulfonate, tin methanesulfonate, tin 
p-toluenesulfonate and other metal organosulfonates; 
p-toluenesulfonic acid, methanesulfonic acid, trifluor- 
omethanesutfonic acid and other organic sulfonic acid 
and other various acids; zinc borate and other metal bo- 
rates; dibutyltinoxide and other organometal oxides of 
above metals; titanium isopropoxide and other metal 
alkoxides of above metals; and diethyl zinc and other 
alkyl metals of above metals. These catalysts can be 
used singly or as a combination. 
[0052] No particular limitation is imposed upon the 
amount of th catalyst for use so long as th reaction 
velocity can be substantially accelerate. The amount of 
th catalyst is preferably in the range of 0.0001 - 5% by 
weight, more preferably 0.001 - 1% by weight in view of 
economy for the amount of component (A), aliphatic hy- 


droxycarboxylic acid. 

[0053] No particular limitation is imposed upon how to 
carry out the dehydration condensation of component 

(A) and component (B) with component (C) so long as 
5 at least a portion of water in the reaction system can be 

removed in at least a portion of the steps in the process. 
However, an organic solvent can be preferably used in 
at least a portion of the step in the dehydration conden- 
sation. And when a cyclic dimer or lactone is used in 
place of component (A), the cyclic dimer or lactone can 
be preferably reacted with component (B) and compo- 
nent (C) under the same condition as the ring-opening 
polymerization of the cyclic dimer or lactone, that is, usu- 
ally in a molten state. 

[0054] In the preparation process of the degradable 
polymer of the invention, the reaction of component (A) 
and component (B) with component (C) can be carried 
out in any order, for example, by the processes 1) - 4) 
shown below. 

1) After dehydration condensation of component 
(A) and component (B) in the presence of a catalyst, 
component (C) is added and the dehydration con- 
densation is further continued to obtain a degrada- 
ble polymer having a high weight average molecu- 
lar weight. 

2) After dehydration condensation of component 
(A) and component (C) in the presence of a catalyst, 
component (B) is added and the dehydration con- 
densation is further continued to obtain a degrada- 
ble polymer having a high weight average molecu- 
lar weight. 

3) After dehydration condensation of component 
(A) in the presence of a catalyst, component (B) and 
component (C) are added and the dehydration con- 
densation is further continued to obtain a degrada- 
ble polymer having a high weight average molecu- 
lar weight. In the case, component (B) and compo- 
nent (C) can be added at the same time or sepa- 
rately with a time internal. 

4) Component (A), component (B) and component 
(C) are simultaneously charged and dehydration 
condensation is carried'out in the presence of a cat- 
alyst to obtain a degradable polymer having a high 
weight average molecular weight. 

[0055] On carrying out the reaction, these compo- 
nents can be charged at the same time as mentioned 
above or a portion of these components can be added 
later. However, it is preferred to charge these compo- 
nents at the same time, because, generally, component 

(B) and (C) are easy to be dissolved in component (A) 
and the dehydration condensation can be effectively 
carried out at homogeneous state. 
[0056] When a portion of thes components is added 
later, the intermediate polymer obtained by previous de- 
hydration condensation has preferably a weight aver- 
age molecular weight of 1 00,000 or less. When a portion 
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of these component is added after the intermediate pol- 
ymer exceeds a weight average molecular weight of 
100,000, the molecular weight is liable to once reduce 
due to the effect of addition and thus polymerization time 
unfavorably tends to prolong. 

[0057] When a cyclic dimer or lactone is used in place 
of component (A), the reaction of a cyclic dimer or lac- 
tone and component (B) with component (C) can be car- 
ried out in any order. However, usually these compo- 
nents can be charged at the same time. 
[0058] As described above, at least a portion of the 
dehydration condensation process is preferably carried 
out in an organic solvent. 

[0059] No particular restriction is imposed upon the 
organic solvent used in the process of the invention so 
long as at least a portion of water in the reaction system 
can be removed in at least a portion of the step in the 
process by conducting water removing procedures as 
mentioned hereinafter. The organic solvent can or can- 
not form an^eqtropic.mixture^with.watfirorcanor can- 
not separate from water. However, preferred organic 
solvents of the invention can separate from water with 
ease by separation, distillation or other separating 
means. 

[0060] No particular restriction is imposed upon the 
organic solvent used in the process of the invention so 
long as the progress of reaction can be substantially 
maintained. The organic solvent can be used singly or 
as a mixture. 

[0061 ] Specific organic solvents which can be used in 
the invention Include, for example, toluene, xylene, 
mesitylene and other hydrocarbon solvents; chloroben- 
zene, bromobenzene, iodebenzene, dichlorobenzene, 
1,1,2,2-tetrachloroethane, p-chlorotoluene and other 
halogenated solvents; 3-hexanone, acetophenone, 
benzophenone and other ketone solvents; dibutyl ether, 
anisole, phenetole, o-dimethoxybenzene, p-dimethoxy- 
benzene, 3-methoxytoluene, dibenzyl ether, benzyl 
phenyl ether, methoxynaphalene and other ether sol- 
vents; phenyl sulfide, thioanisole and other thioether 
solvents; methyl benzoate, dimethyl phthalate, diethyl- 
phthalate and other ester solvents; diphenyl ether; dl 
(4-methylphenyl)ether, di(3-methylphenyl)ether, 3-phe- 
noxytoluene and other alkyl substituted diphenyl ethers; 
di(4-bromophenyl)ether, di(4-chlorophenyl)ether, 
4-bromodiphenyl ether, 4-methyl-4'-bromodiphenyl 
ether and other halogen substituted diphenyl ethers; 
4-methoxydiphenyl ether, di(4-methoxyphenyl)ether, dl 
(3-methoxyphenyl)ether, 4-methyl-4'-methoxydiphenyl 
ether and other alkoxysubstituted diphenyl ethers; 
dibenzofuran, xanthene and other cyclic diphenyl 
ethers; and other diphenyl ether-based solvents. In 
these solvents, hydrocarbon solvents, halogenated sol- 
vents, diphenyl ether and alkyl substituted diphenyl 
ether solvents ar preferably used, and toluene, xylene, 
dichlorob nzen and diphenyl ether are preferr d in 
particular. 

[0062] The boiling point of the organic solvent used in 


the invention is preferably 100°C or above, more pref- 
erably 1 35°C or above, most preferably 1 70°C or abov . 
THe dehydration condensation can be efficiently carried 
out without accompanying unfavorable side reactions 
5 by progressing the reaction at a decreased temperature 
under high vacuum. 

[0063] The amount of the organic solvent for use in 
the invention is not limited in particular so long as 
progress of the reaction can be maintained and gener- 

10 ally set in view of indostry by considering reaction ve- 
locity, purity of the resulting degradable polymer, volume 
efficiency and solvent recovery. 
[0064] In the process of the invention, the organic sol- 
vent is preferably used in an amount so as to make the 

15 concentration of the resulting degradable polymer in the 
reaction mixture 1 0 - 80% by weight. 
[0065] In the preparation process of the degradable 
polymer of the invention, it is preferred in at least a por- 
tion of the steps in the process to accelerate progress 

20 of-the reaetior.-by reducing water in the reaciiun system 
through batchwise and/or continuous water removing 
procedures. The water removing procedures can be a 
recycle type or a reflux type. 

[0066] The water removing procedures are not limited 
25 jn particular so long as the water in the reaction system 
can be reduced. 

[0067] Embodiments of water removing procedures 
include, 

30 1 ) a method for previously charging the organic sol- 
vent in excess and removing a portion thereof from 
the reaction system simply, 
2) a method for drying the organic solvent by using 
other organic solvents. 

35 3) a method for removing a portion of the solvent 
from the reaction system, dehydrating outside the 
reaction system by treatment with a drying agent or 
distillation in order to obtain the organic solvent hav- 
ing the amount of water less than that of the re- 

40 moved organic solvent and returning again to the 
reaction system. 

[0068] The water removing procedure in such a case 
of 3) , can reduce the water content of the organic solvent 
45 returning to the reaction system to preferably SOppm or 
less, more preferably 25ppm or less, most preferably 
5ppm or less. 

[0069] No particular restriction is imposed upon the 
drying agent for use in the invention so long as water 

so content of the organic solvent in the reaction system can 
be substantially reduced to such a level that that the re- 
action progress can be maintained, or a degradable pol- 
ymer having a sufficiently high molecular weight can be 
formed, or reversible hydrolysis of the resultant degra- 

55 dable polymer can be inhibited. 

[0070] Representative drying agents which can be 
used in the invention include, for example, molecular 
slev 3A, molecular siev 4A, molecular sieve 5A, mo- 
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lecular sieve 13X and other grades of molecular sieve; 
ion exchange resin, alumina, silica gel, calcium chloride, 
calcium sulfate, diphosphorouspentoxide, concentrated 
sulfuric acid, magnesium perchlorate, barium oxide, cal- 
cium oxide, potassium hydroxide, sodium hydroxide; 
calcium hydride, sodium hydride, lithium aluminum hy- 
dride and other metal hydrides; and sodium and other 
alkali metals. These drying agents can be used singly 
or as a mixture. Molecular sieve and ion exchange resin 
are particularly preferred in view of ease in handling and 
regeneration. 

[0071 J When an organic solvent is used in the prepa- 
ration process of the invention, no particular limitation 
is imposed up on the reaction temperature so long as 
the organic solvent in the reaction system can substan- 
tially maintain a liquid state and maintain progress of the 
dehydrating condensation. Generally, the reaction tem- 
perature is in the range of preferably 1 00 - 200°C, more 
preferably 110 - 180°C in view of a formation rate and 
thermal decomposition velocity of the degrad able poly- 
mer. 

[0072] The reaction is usually carried out under at- 
mospheric pressure at the distilling temperature of the 
organic solvent used. In order to maintain the reaction 
temperature in a preferable range, the reaction can also 
be carried out under reduced pressure, when a high boil- 
ing point organic solvent is used. Even though a boiling 
point is reduced due to azeotropic distillation of the or- 
ganic solvent with water, no problem takes place so long 
as the progress of the dehydrating condensation can be 
substantially maintained at the prescribed temperature. 
[0073] When the reaction is carried out at the molten 
state in the invention, no particular restriction is put upon 
the reaction temperature so long as the reaction can 
proceed while substantially maintaining the molten state 
of the degradable polymer in the reaction system. Spe- 
cifically, the reaction is carried out at a temperature high- 
er than the melting point of the degradable polymer in 
the reaction system. It is preferred to react in the tem- 
perature range from the melting point to 250°C. 
[0074] The preparation process of the degradable 
polymer in the invention is preferably carried out under 
vacuum or in an inert atmosphere such as nitrogen and 
argon while protecting the reaction system from contam- 
ination of outside moisture and removing moisture gen- 
erated in the reaction system. The reaction can also be 
carried out while ventilating or bubbling the inert gas into 
the reaction system. 

[0075] In the preparation process of the degradable 
polymer in the invention, the reaction, dehydration of the 
organic solvent and charge of the solvent can be carried 
out continuously or batchwise. 
[0076] No particular restriction is imposed upon the 
method which is adopted in the invention for recovering 
the reaction product, that is, the degradabl polymer 
from the reaction mixture after finishing the reaction, so 
long as the method can substantially recover the reac- 
tion product in a desired purity. 


[0077] The recovery of the reaction product can be 
carried out by any known methods. Representative re- 
covering methods include, for example, adding a poor 
solvent such as isopropyl alcohol in excess at a suitable 

5 temperature after finishing the reaction to a reaction 
mixture containing the reaction product, recovering pre- 
cipitated crystals of the reaction product by decantation 
or filtration, washing the crystals thoroughly with a poor 
solvent, and drying the crystals. 

10 [0078] The weight average molecular weight and mo- 
lecular weight distribution of the degradable polymer in 
the invention can be controlled to a desired range by 
suitably selecting reaction conditions such as species 
of the organic solvent, species and amount of the cata- 

15 lyst, reaction temperature, reaction time, treatment 
method of the azeotropically distilled organic solvent, 
and extent of dehydration of the organic solvent in the 
reaction system. 

[0079] The weight average molecular weight of the 

20 degradab!epolymer-lr.4he-inv8nt-ion--is-pFsferably-in-the 
range of 50,000 - 1 ,000,000, more preferably 1 00,000 - 
1,000,000, most preferably 200,000 - 1,000,000. 
[0080] The degradable polymer of the invention has 
an advantage of difficulty to coloration as compared with 

25 a copolymer obtained by addition of a degradable high 
molecular weight side chain to polysaccharide. 
[0081] The degradable polymer of the invention is 
characterized by having an equivalent or higher trans- 
parency as compared to common aliphatic polyester. 

30 [0082] The degradable polymer of the invention is 
characterized by a markedly higher melt tension as 
compared to common aliphatic polyester. The charac- 
teristic has greatly improved processing ability and has 
enabled to prepare various kinds of molded products. 

35 [0083] The desired properties of the degradable pol- 
ymer in the invention can be provided by selecting spe- 
cies and composition of aliphatic hydroxycarboxylic acid 
which is a component of the side chain. The aliphatic 
polyhydroxycarboxylic acid component which consti- 

40 tutes the side chain can be a homopolymer or copoly- 
mer. The configuration of the copolymer can be a ran- 
dom copolymer, alternating copolymer, blockcopolymer 
and graft copolymer. The structure of aliphatic polyhy- 
droxycarboxylic acid which constitutes the side chain is 

45 not restricted in particular and can be linear or branched. 
[0084] The structure of he degradable polymer in the 
invention can be obtained by adding a degradable high 
molecular weight side chain to a polyfunctional center 
compound and combining the resulting star-shaped pol- 

50 ymers to each other through an aliphatic polyhydric al- 
cohol having two or more hydroxyl groups or a polycar- 
boxylic acid or anhydride thereof having two or more 
carboxyl groups. The structure is considered to exert 
high melt tension as mentioned abov . 

55 [0085] The evaluation method of melt tension is de- 
scribed in detail, for example, in Handbook of Plastics 
Processing Technology [Pages 1414 to 1416, (2) Melt 
Tension ; edited by Kobunshi Gakkai, published from 
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Nikkan Kogyo Shinbunsha (1995)]. 
[0086] Melt tension is a tensile force required for 
stretching a molten strand to a certain diameter and is 
measured by extruding the strand from a melt indexer 
at a certain velocity and determining the force with a melt 
tension measuring apparatus at a temperature corre- 
sponding to the practical processing temperature. Gen- 
erally, high melt tension improves bubble stability in in- 
flation molding and reduces draw down in blow molding. 
When melt tension is high, a the necking phenomenon 
which decreases the width of an extruded film or sheet 
after delivering from aT-die is also is reduced and thick- 
ness accuracy of film becomes high. 
[0087J The melt tension is evaluated by the following 
procedures in the invention. That is, the melt-flow index 
is measured under 2160 g load at suitable two temper- 
atures. The relation between the temperature and melt- 
flow index is plotted, a temperature for providing a melt- 
flow index of 1 0g/1 0 minutes is obtained on the plot, and 
_ m q |t_tg nsicn is msssursd at-t hs -temps rat u re . 
[0088] Polystyrene has a melt tension of approxi- 
mately 1g under the above measuring conditions. Gen- 
erally, a melt tension higher than that of polystyrene is 
recognized to be suitable for a material of foam. Specif- 
ically, a melt tension of around 5g is suited for blow- 
molding, inflation molding and foam molding. On the 
other hand, polylactic acid has a melt tension of 0.6g 
and thus the melt tension has been insufficient for car- 
rying out blow molding, inflation molding and foam mold- 
ing. 

[0089] On the contrary, the degradable polymer of the 
invention can control the melt tension to a desired range 
by the species and amount of component (B) and mo- 
lecular weight of the degradable polymer. Specifically, 
the increase in the amount of component (B) and the 
molecular weight of the degradable polymer of the in- 
vention is liable to increase melt tension. The prepara- 
tion process of the invention can easily provide the de- 
gradable polymer having high melt tension of 5g or 
more. 

[0090] Further, the degradable polymer of the inven- 
tion can control the value of Yl to a desired range by the 
species of component B. The value of Yl indicates ex- 
tent of hue deviation from colorless or white to the di- 
rection of yellow. A positive value indicates shift to the 
direction of yellow and a negative value indicates shift 
to the direction of blue. 

[0091] Generally, when Yl is 3 or less, yellowness is 
scarcely observed and the hue is close to colorless. 
When Yl exceeds 3, yellowness increases gradually. 
When Yl exceeds 1 0, the hue becomes severely brown. 
A copolymer prepared by conventional technique from 
polysaccharide such as cellulose and lactide or hydrox- 
ycarboxylic acid has a high melt tension. However, the 
copolymer is liable to have Yl of 10 or mor .Onth con- 
trary, th process of the invention can provide th de- 
gradabl polymer having Yl of 10 or less asily. Partic- 
ularly, when pentaerythritol is used as component (B) in 


the invention, Yl is generally low and 3 or less. The de- 
gradable polymer of the invention pref rably has Yl of 
3 or less, more preferably 2 or less in view of appear- 
ance and ease in dyeing of the resulting molded articles. 

s [0092] The degradable polymer of th invention is 
characterized by absence of color in addition to a high 
melt tension and high molecular weight and expected to 
apply to wide uses by utilizing the characteristics. Spe- 
cific uses include of film, sheet, blown bottle, foam and 

10 filament. These articles have excellent appearance as 
compared with a conventional graft copolymer having a 
high melt tension which is prepared from polysaccharide 
such as cellulose and lactide or aliphatic hydroxycar- 
boxylic acid. Further, these molded articles can be freely 

is dyed by utilizing the difficulty to coloration of the degra- 
dable polymer. 

[0093] The degradable polymer of the invention is 
suited for application to blow molding, foam molding, ex- 
trusion forming and other processing methods which re- 

0(\ r» I I i rr\ t*\rr\r\r%\V\ r\f *-» mnlfrtn.r\nl(im/>r Cnr r»vrinr»nln_!n.tU« 
\^un o on lyu i wi w 1 1 ivtiCH ^viynibi. i yjt c/vcai I ipiCs III Ui^ 

case of sheet extrusion, reduction of sheet width due to 
draw down or neck-in of the molten sheet can be de- 
pressed by using the degradable polymer of the inven- 
tion. 

25 [0094] Next, uses of the degradable polymer obtained 
by the invention will hereinafter be illustrated in detail. 
[0095] No particular restriction is imposed upon the 
processing method of the degradable polymer in the in- 
vention. Specifically, injection molding, extrusion mold- 

30 jng, inflation molding, extrusion blow molding, foam 
molding, spinning, calendering, blow molding and bal- 
loon molding are preferably applied and inflation mold- 
ing, blow molding, extrusion blow molding, foam mold- 
ing and spinning are preferred in particular. 

35 [0096] Articles which can be prepared by a suitable 
processing method from the degradable polymer of the 
invention and are suitably used in various fields include, 
for example, parts of writing utensil such as ball point 
pen, mechanical pencil and pencil, stationary parts, golf 

40 tee, pats of a smoking golf ball used for an opening cer- 
emony, oral medicine capsule, suppository carrier for 
the anus and the vagina, carrier of sticking medicine for 
skin and mucous membrane, agricultural chemicals 
capsule, fertilizer capsule, seedling capsule, compost 

45 bag, fishing line reel, fishing float, fishing buoy, fishing 
lure, hunting decoy, hunting shot capsule, dinner set and 
other camping goods, nail, pile, tying material, nonskid 
materials and blocks for muddy place and snowy road, 
lunch box, dinner set, disposable containers of lunch 

so and daily dishes which are marketed in convenience 
stores, chop-sticks, half-split chopsticks, fork, spoon, 
skewer, toothpick, containers of cupped Chinese noo- 
dles, cups used for a vending machine of drinks, con- 
tainers and trays of fresh fishes, fresh meat, vegetables 

55 and fruits, bean curd, common dishes and other food- 
stuffs, boxes used in a fresh fish market place, bottles 
of milk, yogurt, lactic acid beverag and other dairy 
products, bottles of carbonated drink, mineral water and 


9 


17 


EP 0 829 503 B1 


18 


other soft drinks, bottles of beer, whisky and other liq- 
uors, bottles with or without a pumping system for sham- 
poo and liquid soap, toothpaste tube, toiletry container, 
detergent bottle, bleaching agent bottle, cold-reserving 
box, flower pot, cartridge casing of water purifier, casing 5 
for artificial kidney and artificial liver, parts of injection 
syringe, and cushioning materials used for transporting 
household electric appliances such as television and 
stereophone, precision machines such as computer 
printer and watch, and ceramic products such as glass 10 
and pottery. 

[0097] The degradable polymer of the invention is a 
suitable material for processing into a film and sheet. 
[0098] The film or sheet comprising the degradable 
polymer of the invention can be prepared by already '5 
known techniques such as extrusion, coextrusion, cal- 
endering, hot pressing, solvent casting, inflation mold- 
ing, balloon molding and tentering. 
[0099] Preparation conditions are set in consideration 
of-the thermal-property, molecular structure and crystal 
linity of the degradable polymer used. 
[0100] Biaxial stretching can be carried out by way of 
inflation molding or balloon molding and thus strong 
products having a low elongation, high elastic modulus 
and high toughness can be prepared at high productivity 25 
with a relatively low cost. These products are in the form 
of a seamless bag and thus suitable for fabricating into 
a carry-out bag for a supermarket, a bag for preventing 
the surrounding from wetting by dew drops on a low tem- 
perature pack of foodstuffs such as refrigerated food 30 
and fresh meat, a compost bag and other miscellaneous 
bags. 

[0101] By combination with a co-extrusion method, a 
multi-layer film can be prepared with a high productivity 
from two or more degradable polymers of the invention 35 
having different properties and/or other polymers. The 
co-extrusion method can also be combined with the in- 
flation molding method or balloon molding method. 
[0102] The film or sheet comprising the degradable 
polymer of the invention is a material also suited for sue- *o 
cessive processing such as stretching, blowing and vac- 
uum forming in order to provide a two-dimensional or 
three-dimensional shape. 

[0103] The film and sheet comprising the degradable 
polymer of the invention can be suitably used for a shop- 45 
ping bag, garbage bag, compost bag, cement bag, fer- 
tilizer bag, packaging film for foodstuffs and confection- 
ery, food wrapping film, agrohorticultural film, green- 
house film, packaging film for video, audio and other 
magnetic tape cassette recorders, film for packaging a 50 
floppy disk, fence, oil fence for ocean, river and lake, 
adhesive tape, tape, tying material, waterproof sheet, 
umbrella and sunshade tent, and sandbag. 
[01 04] A porous film having gas permeability can also 
be prepared by extruding a degradable polymer com- 55 
prising calcium carbonate, barium sulfate, titanium ox- 
ide and other inorganic materials and further stretching 
th resulting film. The porous film can be used for a dia- 


per cover and other packaging films for specific uses. 
[0105] A seamless pipe comprising the degradable 
polymer of the invention can be prepared by extruding 
through a circular die. By combination with a coextrusion 
method, a multilayer seamless pip can be prepared 
from two or more degradable polymers of the invention 
which differ in properties and/or other species of poly- 
mer. 

[0106] A square bar or circular block comprising the 
degradable polymer of the invention can be prepared by 
extruding through a die. Combination of such extrusion 
with a coextrusion method can prepare a square bar or 
circular block having a section of multilayer structure, 
that is, specific structure of sectional layer and sectional 
profile like an annual ring of a tree by using two or more 
degradable polymers of the invention which differ in 
properties and/or other species of polymer. 
[0107] On processing the degradable polymer of the 
invention into a film and sheet, additives such as as anti- 
oxidant, heat stabilizer, ultraviolet absorber, lubricant, 
filler, adhesion inhibitor, antistatic agent, surface wetting 
improver, incineration auxiliary material, antislipping 
agent and colorant can be suitably selected depending 
upon the extrusion condition, stretching condition and 
other objects in order to prepare the film and sheet com- 
prising the degradable polymer of the invention and hav- 
ing desired properties such as gas-barrier property, op- 
tical property, wave length spectrum of transmitting light, 
sunshade property, oil resistance and other character- 
istics. 

[0108] A posttreatment step and finishing step which 
can be carried out depending upon the object on 
processing the degradable polymer of the invention into 
a film and sheet include, for example, welding, heat 
sealing, provision of machine sewing line, primer coat- 
ing, adhesive coating, agent coating, parkerizing, dep- 
osition, sputtering, CVD, coating, etching, spraying, 
dyeing, static coating, air brushing, lamination, sand- 
wiching, embossing, provision of three-dimensional pat- 
tern, corrugation, printing, reproduction, sanding, sand- 
blasting, shirring, punching, honey-comb construction 
forming, provision of corrugated fiber broad structure, 
formation of laminated structure, screen printing, gra- 
vure printing, relief printing, intaglio printing, doctor 
blade coating, dipping and other fabrication methods 
which are known in public. 

[0109] The film or sheet comprising the degradable 
polymer of the invention can also form a multilayer lam- 
ination structure by laminating or adhering to a sheet of 
other materials such as paper and other polymers. 
[01 10] As mentioned above, the degradable polymer 
of the invention has a high melt tension and is thus suit- 
able for preparing foam which has low density. The foam 
has many gaps such as air bubble, void, microvoid and 
cavity in th interior of th resin. Th foam includes a 
resin structure of two-plac construction having an open 
or closed place of gaps which is scatter d in the contin- 
uous phase of the resin having a low apparent density. 
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Th foam generally Includes, for example, a polymer 
having a cellular structure, foamed high polymer, ex- 
panded high polymer, high polymer foam, rigid polymer 
foam and flexible polymer foam. 

[01 1 1 ] The foam comprising the degradable polymer 5 
of the invention can be prepared by known processes 
such as foaming by gas pouring-in and bead foaming. 
The properties of the foam such as open cell content, 
closed cell content, size, shape, distribution and uni- 
formity of gaps including air bubble, void, microvoid and 10 
cavity can be suitably controlled by setting foaming con- 
ditions depending upon the object. 
[0112] Foaming agents used for preparing the foam 
include an inert gas, chemical foaming agent which gen- 
erates the inert gas by decomposition, hydrocarbon or 15 
chlorinated hydrocarbon having 5 - 7 carbon atoms, 
fluorocarbon, water, nitrogen, LPG, LNG, low boiling 
point organic liquid, carbon dioxide, inert gas, and am- 
monia. 

[0113] Exemplary chemical foaming agents include 20 
sodium hydrogen carbonate, dinitrosopentamethylene- 
tetramine, sulfonyl hydrazide, azodicarbonamide, p-tol- 
uenesulfonyl semicarbazide, 5-phenyltetrazole, diiso- 
propylhydrazodicarboxylate, 5-phenyl-3,6-dihydro- 
1 ,3,4-oxadiazine-2-one and sodium boron hydroxide. 25 
[0114] Exemplary physical foaming agent include n- 
pentane, 2,2-dimethylpropane, 1-pentene and other 
pentanes, n-hexane, 2-methylpentane, 3-methylpen- 
tane, 2,2-dimethylbutane, cyclohexane and other, hex- 
anes; n-heptane, 2,2-dimethylpentane, 2,4-dimethyl- 30 
pentane, 3-ethylpentane, 1-heptene and other hep- 
tanes; toluene, trichloromethane, tetrachloromethane, 
trichlorofluoromethane, methanol, 2-propanol, isopro- 
pyl ether and methyl ethyl ketone. 

[0115] Exemplary fluorocarbons includes CFC-11, 35 
CFC-12, CFC-11 3, CFC-11 4 and other fluorocarbons of 
CFC-series. 

[01 16] Exemplary substitutes for chlorofluorocarbons 
(CFC) include HCFC-141a, HCFC-142b, HFC-134a, 
HCFC-141b, HCFC-22, HFC-32, HFC-125, HCFC-124, 40 
HFC-125, HFC-152a and HCFC-123. 
[0117] Foams comprising the degradable polymer of 
the invention can be applied to various uses which in- 
clude, for example, a lunch box, dinner set, disposable 
containers of lunch and daily dishes which are marketed 45 
in convenience stores, containers of cupped Chinese 
noodles, cups used for a vending machine of drinks, 
containers and trays of fresh fish, fresh meat, vegeta- 
bles and fruits, bean cured, fermented soybeans, com- 
mon dishes and foodstuffs, boxes used in a market so 
place of fresh fishes, containers of milk, yogurt, lactic 
acid beverage and other dairy products, bottles of car- 
bonated drink, mineral water and other soft drinks, con- 
tainers of beer, whisky and other liquors, toiletry con- 
tainer, detergent bottle, bleaching agent bottle, cold r - 55 
serving box, flower pot, cushioning mat rials used for 
transporting household electric appliances such as 
tap , television and stereophone, precision machines 


such as computer, printer and watch, optical instru- 
ments such as camera, glasses, microscope and tele- 
scope, and ceramic products such as glass and pottery, 
and sunshade material, thermal insulation material and 
soundproof material. 

[01 1 8] Foams comprising the degradable polymer of 
the invention can also be suitably applied to medical and 
sanitary uses. These uses include, for example, a band- 
age, carrier of sticking medium for skin and mucous 
membrane, triangle bandage, adhesive tape, towel, dis- 
posable towel, disposable wet towel, wet hand towel, 
dustcloth, tissue, wet tissue for cleaning and disinfec- 
tion, wet tissue for wiping baby hips, disposable diaper, 
physiological and menstruation napkin, manse tampon, 
blood absorbing tampon on surgery and birth, sanitary 
cover stock material and sterilization bag. 
[0119] These medical and sanitary products can be 
disinfected, pasteurized or sterilized by exposure to 
heat, steam, ethylene oxide gas, hydrogen peroxide or 
'OZorier^y'^radiaiion"oruitravioietTays;'eiectromagriet!c 
wave or gamma rays, or by using ethanol, benzalkonium 
chloride or other sterilization agents, and can be suc- 
cessively subjected to germ-free packaging. These 
products can also be prepared and packed in a germ- 
free condition or a endotoxin-free condition by installing 
processing steps in a clean bench or clean room where 
ultra clean air can be ventilated in a laminar flow through 
a HEPA filter. 

[0120] Foams comprising the degradable polymer of 
the invention can be suitably used for common applica- 
tions in industry including agriculture, fishery, forestry, 
manufacturing industry, civil engineering and construc- 
tion industry and transportation and communication in- 
dustry, and for recreational applications including lei- 
sure and sports. For example, these foams can be suit- 
ably used for an agricultural victoria lawn, oil absorber, 
weak ground reinforcement, artificial leather, floppy disk 
back, sandbag, thermal insulation material, soundproof 
material, cushioning material, cushioning material for 
bed, chair and other furniture, cushion floor, packaging 
material, tying material and skidproof material for a mud- 
dy place or snowy road. 

Example 

[0121] The present invention will hereinafter be illus- 
trated in detail by way of synthetic examples, embodi- 
ments and examples. 

[0122] Following evaluation methods were used in the 
examples. 

(1) Weight average. molecular weight 

Weight average molecular weight (Mw) of the 
degradable polymer obtained was measured by gel 
permeation chromatography at a column temp ra- 
ture of 40°C in a chloroform solvent. Polystyr n 
was used as reference. 

(2) Water content in a solvent 
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Measured with a Karl Fischer's moisture meter, 
MKC-210 (manufactured by Kyoto Denshi Kogyo 
Co.). 

(3) Differential thermal analysis 

Measured with a scanning calorimeter, DSC- 
31 00 (manufactured by Mac Science Co.) at a tem- 
perature range of -20°C to 230°C. 

(4) Tensile strength 

Measured in accordance with JIS K-6732 by 
using a film specimen. 

(5) Flexural strength 

Flexural strength was measured in accordance 
with JISK-7113. ' 

(6) Transparency 

Evaluated by Haze with a film specimen. 

Haze was measured with a Haze meter, TC-HII I 
(manufactured by Tokyo Denshoku Co.), in accord- 
ance with JIS K-6714. 

(7) Yellowness (Yl-value) 

A piaie specimen having a thickness of 2mm 
was prepared. 

Yellowness was measured with a SM color compu- 
ter, SM-6-IS-2B (manufactured by Suga Shikenki 
Co.) in accordance with JIS K-7103. 

(8) Melt tension (MT-value) 

A melt flow index was measured at two suitable 
temperature under 21 60g load. A temperature pro- 
viding a melt flow index of 1 0g/1 0 minutes was ob- 
tained from the temperature-melt flow index plot. 
Melt tension was measured at the temperature. 

(9) Degradability 

A film was buried in a compost at room temperature 
for 30 days. The degradability was evaluated by 
measuring tensile strength of the film before and af- 
ter the burying test. 


tlon mixture was cooled to 30°C, mixed with 800ml of a 
0.7% hydrochloric acid/isopropyl alcohol solution, 
stirred for an hour and suction filtered. The operation 
was carried out twice in order to remove the tin powder. 

5 [0125] Successively, the filter cake was stirred in 
600ml of isopropyl alcohol and suction filtered. The pro- 
cedure was repeated until the filtrate became neutral 
and the filter cake was dried at 60°C in heat air. The 
degradable polymer thus obtained was 61 .8g. The yield 

10 was 80%. The degradable polymer had a weight aver- 
age molecular weight of 244,000, and a glass transition 
temperature of 56.5°C and melting point of 158.4°C by 
differential thermal analysis. 

[0126] A press film was prepared by hot-pressing the 
15 resulting degradable polymer at 180°C. The press film 
had following properties. 

Thickness: 155 - 161p.m 
Tensile strength: 540kg/cm 2 (break) 
*o Elongation: 87o 
Haze: <1% 

Flexural strength: 830kg/cm 2 

[0127] The temperature indicating a melt flow index 
25 (Ml-value) of 10g/10 minutes, melt tension (MT-value) 
at the temperature, yellowness (Yl-va!ue) and evalua- 
tion on degradability are: 

Temperature (Ml:10g/10min): 187°C 
30 Melt tension (MT-value): 2.2g 
Yellowness (Yl-value): 1.7 
Degradability: Film strength could not be measured 
due to degradation. 

35 Example 2 


Example 1 

[0123] To a 500ml round bottomed flask, 109.4g of 
88% L-iactic acid, 0.1091g of pentaerythritol, 0.1894g 40 
of succinic acid and 0.45g of stannous oxide were 
charged and heated with stirring at 1 40°C/1 OOmmHg for 
3 hours while distilling water out of the reaction system. 
Thereafter, a Dean Stark trap which was charged with 
72g of o-dichlorobenzene was mounted on the flask and 45 
further 77g of o-dichlorobenzene was added to the re- 
action mass and azeotropic dehydration was carried out 
at 140°C/270mmHg for 4 hours. The Dean Stark trap 
was dismantled and a tube packed with 30g of molecu lar 
sieve 3A and 54g of o-dichlorobenzene having water 50 
content of 10ppm or less was mounted so as to return 
the reflux-distilled organic solvent to the reaction system 
again after passing through the molecular sieve. The re- 
action was continued by heat-stirring at 140°C/ 
270mmHg for 23 hours which preventing the reaction 55 
system from contamination of water. 
[01 24] After passing through the molecular sieve, the 
organic solvent had a water content of 2ppm. The reac- 


[0128] To a 500ml round bottomed flask, 103.2g of 
88% L-lactic acid, 0.2061 g of pentaerythritol, 0.3575g 
of succinic acid and 0.43g of stannous oxide were 
charged and heated with stirring at 1 40°C/1 OOmmHg for 
3 hours while distilling water out of the reaction system. 
Thereafter, a Dean Stark trap which was charged with 
72g of o-dichlorobenzene was mounted on the flask and 
further 72g of o-dichlorobenzene was added to the re- 
action mass and azeotropic dehydration was carried out 
at 140°C/270mmHg for 4 hours. The Dean Stark trap 
was dismantled and a tube packed with 30g of molecular 
sieve 3A and 72g of o-dichlorobenzene having water 
content of 1 0ppm or less was mounted so as to return 
the reflux-distilled organic solvent to the reaction system 
again after passing through the molecular sieve. The re- 
action was continued by heat-stirring at 140°C/ 
270mmHg for 12 hours which preventing the reaction 
system from contamination of water. 
[0129] After passing through the molecular sieve, the 
organic solvent had a water content of 2ppm. Th reac- 
tion mixture was cooled to 30°C, mixed with 800ml of a 
0.7% hydrochloric acid/isopropyl alcohol solution, 
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stirred for an hour and suction filtered. The operation 
was carried out twice in order to remove the tin powder. 
[0130] Successively, the filter cake was stirred in 
600ml of isopropyl alcohol and suction filtered. The pro- 
c dure was repeated until the filtrate became neutral 
and the filter cake was dried at 60°C in heat air. The 
degradable polymer thus obtained was 63. 6g. The yield 
was 87%. The degradable polymer had a weight aver- 
age molecular weight of 430.000, and a glass transition 
temperature of 57.0°C and melting point of 156.1°C by 
differential thermal analysis. 

[01 31 ] A press film was prepared by hot-pressing the 
resulting degradable polymer at 180°C. The press film 
had following properties. 

Thickness: 156 - 163^m 
Tensile strength: 530kg/cm 2 (break) 
Elongation: 9% 
Haze: <1% 

Flexural strength : SSOkg/em 5 * 

[0132] The temperature indicating a melt flow index 
(Ml-value) of 10g/10 minutes, melt tension (MT-value) 
at the temperature, yellowness (Yl-value) and evalua- 
tion on degradability are: 

Temperature (Ml:10g/10min): 200°C 

Melt tension (MT-value): 5.5g 

Yellowness (Yl-value): 1 .6 

Degradability: Film strength could not be measured 

due to degradation. 

Example 3 

[0133] To a 500ml round bottomed flask, 103.2g of 
88% L-lactic acid, 0.1015g of trimethylolpropane, 
0.1340g of succinic acid and 0.43g of stannous oxide 
were charged and heated with stirring at 140°C/ 
lOOmmHg for 3 hours while distilling water out of the 
reaction system. Thereafter, a Dean Stark trap which 
was charged with 72g of o-dichlorobenzene was mount- 
ed on the flask and further 72g of o-dichlorobenzene 
was added to the reaction mass and azeotropic dehy- 
dration was carried out at 140°C/270mmHg for 4 hours. 
The Dean Stark trap was dismantled and a tube packed 
with 30g of molecular sieve 3A and 72g of o-dichlo- 
robenzene having water content of 1 0ppm or less was 
mounted so as to return the reflux-distilled organic sol- 
vent to the reaction system again after passing through 
the molecular sieve. The reaction was continued by 
heat-stirring at 140°C/270mmHgfor 18 hours which pre- 
venting the reaction system from contamination of wa- 
t r. 

[0134] After passing through the molecular sieve, th 
organic solvent had a water cont nt of 2ppm. The reac- 
tion mixture was cooled to 30°C, mixed with 800ml of a 
0.7% hydrochloric acid/isopropyl alcohol solution, 
stirred for an hour and suction filt red. The operation 


was carried out twic in order to remove the tin powder. 
[0135] Successively, the fitter cak was stirred in 
600ml of isopropyl alcohol and suction filtered. The pro- 
cedure was repeated until the filtrate became neutral 

s and the filter cake was dried at 60°C in heat air. The 
degradable polymer thus obtained was 59.6g. The yield 
was 82%. The degradable polymer had a weight aver- 
age molecular weight of 323,000, and a glass transition 
temperature of 56.8°C and melting point of 158.1°C by 

10 differential thermal analysis. 

[0136] A press film was prepared by hot-pressing the 
resulting degradable polymer at 180°C. The press film 
had following properties. 

15 Thickness: 153 - 159p,m 

Tensile strength: 540kg/cm 2 (break) 

Elongation: 8% 

Haze:<1% 

Flexural strength: 830kg/cm 2 

[0137] The temperature indicating a melt flow index 
(Ml-value) of 10g/10 minutes, melt tension (MT-value) 
at the temperature, yellowness (Yl-value) and evalua- 
tion on degradability are: 

25 

Temperature (Ml:10g/10min): 192°C 
Melt tension (MT-value): 2.5g 
Yellowness (Yl-value): 2.8 
Degradability: Film strength could not be measured 
30 due to degradation. 

Example 4 

[0138] To a 500ml round bottomed flask. 103.2g of 

35 88% L-lactic acid. 0.1 030g of pentaerythritol, 0.221 1 g of 
adipic acid and 0.43g of stannous oxide were charged 
and heated with stirring at 140°C/100mmHg for 3 hours 
while distilling water out of the reaction system. There- 
after, a Dean Stark trap which was charged with 72g of 

40 o-dichlorobenzene was mounted on the flask and fur- 
ther 72g of o-dichlorobenzene was added to the reaction 
mass and azeotropic dehydration was'carried out at 
140°C/270mmHg for 4 hours. The Dean Stark trap was 
dismantled and a tube packed with 30g of molecular 

45 sieve 3A and 72g of o-dichlorobenzene having water 
content of 10ppm or less was mounted so as to return 
the reflux-distilled organic solvent to the reaction system 
again after passing through the molecular sieve. The re- 
action was continued by heat-stirring at 140°C/ 

50 270mmHg for 20 hours which preventing the reaction 
system from contamination of water. 
[01 39] After passing through the molecular sieve, the 
organic solvent had a water content of 2ppm. The reac- 
tion mixture was cooled to 30°C, mixed with 800ml of a 

55 o.7% hydrochloric acid/isopropyl alcohol solution, 
stirred for an hour and suction filter d. The operation 
was carried out twice in order to remove the tin powder. 
[0140] Successively, the filter cake was stirred in 
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600ml of isopropyl alcohol and suction filtered. The pro- 
cedure was repeated until the filtrate becam neutral 
and the filter cake was dried at 60°C in heat air. The 
degradable polymer thus obtained was 60. 7g. The yield 
was 83%. The degradable polymer had a weight aver- 
age molecular weight of 302,000, and a glass transition 
temperature of 57.2°C and melting point of 158.3°C by 
differential thermal analysis. 

[01 41 ] A press film was prepared by hot-pressing the 
resulting degradable polymer at 180°C. The press film 
had following properties. 

Thickness: 154 - 160u,m 
Tensile strength: 510kg/cm 2 (break) 
Elongation: 9% 
Haze: <1% 

Flexural strength: 790kg/cm 2 

[0142] The temperature indicating a melt flow index 
(Mi-vaiue) of iOg/iO minutes, meit tension (MT-vaiue) 
at the temperature, yellowness (Yl-value) and evalua- 
tion on degradability are: 

Temperature (Ml:10g/t0min): 190°C 

Melt tension (MT-value): 3.0g 

Yellowness (Yl-value): 2.5 

Degradability: Film strength could not be measured 

due to degradation. 

Example 5 

[0143] To a 500ml stainless-steel reactor, 72.0g of L- 
lactide, 0.1 021 g of pentaerythritol, 0.1 771 g of succinic 
acid, and 7.22g of a toluene solution containing 0.01 44g 
of stannous octoate were charged and uniformly mixed. 
After distilling off toluene at 40°C/2mmHg, the residual 
mixture was heatedto 170°C over 1 .5 hours and reacted 
at 200°C for 2 hours. Successively, the unreacted mon- 
omer was distilled out of the reaction system at 200°C/ 
2mmHg over an hour. The residual mass was cooled in 
a dry nitrogen atmosphere. The degradable polymer 
thus obtained was 58.3g. The yield was 81%. The de- 
gradable polymer had a weight average molecular 
weight of 333,000, and a glass transition, temperature 
of 57.0°C and melting point of 158.0°C by differential 
thermal analysis. 

[01 44] A press film was prepared by hot-pressing the 
resulting degradable polymer at 180°C. The press film 
had following properties. 

Thickness: 154 - 159jim 
Tensile strength: 530kg/cm 2 (break) 
Elongation: 8% 
Haze: <1% 

Fl xural strength: 820kg/cm 2 

[0145] Th temperature indicating a melt flow index 
(Ml-value) of 10g/10 minutes, melt tension (MT-value) 


at the temperature, yellowness (Yl-value) and evalua- 
tion on degradability are: 

Temperature (Ml:10g/10min): 193°C 
5 Melt tension (MT-value): 2.3g 
Yellowness (Yl-value): 2.2 
Degradability: Film strength could not be measured 
due to degradation. 

10 Example 6 

[0146] To a 500ml round bottomed flask, 104.3g of 
88% L-lactic acid, 0.7497g of butane-1 ,2,3,4-tetracar- 
boxylic anhydride and 0.6899g of 1 ,4-butanediol were 
charged. After heat-dissolving butane-1 ,2,3,4-tetracar- 
boxylic anhydride, 0.43g of stannous oxide was added 
and heated with stirring at 140°C/100mmHgfor3 hours 
while distilling water out of the reaction system. There- 
after, a Dean Stark trap which was charged with 72g of 
o-dichiorobenzene was mounted on the fiask and fur- 
ther 73.4g of o-dichlorobenzene was added to the reac- 
tion mass and azeotropic dehydration was carried out 
at 140°C/270mmHg for 4 hours. The Dean Stark trap 
was dismantled and a tube packed with 30g of molecular 
sieve 3A and 54g of o-dichlorobenzene having water 
content of 10ppm or less was mounted so as to return 
the reflux-distilled organic solvent to the reaction system 
again after passing through the molecular sieve. The re- 
action was continued by heat-stirring at 140°C/ 
270mmHg for 23 hours which preventing the reaction 
system from contamination of water. 
[01 47] After passing through the molecular sieve, the 
organic solvent had a water content of 2ppm. The reac- 
tion mixture was cooled to 30°C, mixed with 800ml of a 
0.7% hydrochloric acid/isopropyl alcohol solution, 
stirred for an hour and suction filtered. The operation 
was carried out twice in order to remove the tin powder. 
[0148] Successively, the filter cake was stirred in 
600ml of isopropyl alcohol and suction filtered. The pro- 
cedure was repeated until the filtrate became neutral 
and the filter cake was dried at 60°C in heat air. The 
degradable polymer thus obtained was 56.2g. The yield 
was 75%. The degradable polymer had a weight aver- 
age molecular weight of 412,000, and a glass transition 
temperature of 54.7°C and melting point of 149.1°C by 
differential thermal analysis. 

[0149] A press film was prepared by hot-pressing the 
resulting degradable polymer at 180°C. The press film 
had following properties. 

Thickness: 137- 142u,m 
Tensile strength: 6Q0kg/cm 2 (break) 
Elongation: 7% 
Haze:<1% 

Flexural strength: 860kg/cm 2 

[0150] The temperatur indicating a melt flow index 
(Ml-value) of 10g/10 minutes, melt tension (MT-value) 
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at the temperature, yellowness (Yl-value) and evalua- 
tion on degradability ar : 

Temperature (Ml:10g/10min): 205°C 

Melt tension (MT-value): 10.0g 

Yellowness (Yl-value): 8.0 

Degradability: Film strength could not be measured 

due to degradation. 

Example 7 

[0151] To a 500ml round bottomed flask, 103.7g of 
88% L-!actic acid and 0.1528g of butane-1,2,3,4-tet- 
racarboxylic anhydride were charged. After heat-dis- 
solving butane-1 ,2,3,4-tetracarboxylic anhydride, 0.43g 
of stannous oxide was added and heated with stirring at 
1 40°C/1 OOmmHg for 3 hours while distilling water out of 
the reaction system. Thereafter, a Dean Stark trap which 
was charged with 73g of o-dichlorobenzene was mount- 
ed on the flask and further 73:Gg of OKiichiOrubenZerie 
was added to the reaction mass and azeotropic dehy- 
dration was carried out at 1 40 °C/270mmHg for 4 hours. 
Successively, the Dean Stark trap was dismantled and 
a tube packed with 30g of molecular sieve 3A and 54g 
of o-dichlorobenzene having water content of 1 0ppm or 
less was mounted so as to return the reflux-distilled or- 
ganic solvent to the reaction system again after passing 
through the molecular sieve. The reaction was contin- 
ued by heat-stirring at 140°C/270mmHg for 7 hours 
which preventing the reaction system from contamina- 
tion of water. When the molecular weight was attained 
to 73,000, 0.1 401 g of 1 ,4-butanediol was added and fur- 
ther reacted at 140°C/270mmHg for 18 hours. 
[0152] After passing through the molecular sieve, the 
organic solvent had a water content of 2ppm. The reac- 
tion mixture was cooled to 30°C, mixed with 800ml of a 
0.7% hydrochloric acid/isopropyl alcohol solution, 
stirred for an hour and suction filtered. The operation 
was carried out twice in order to remove the tin powder. 
[0153] Successively, the filter cake was stirred in 
600m! of isopropyl alcohol and suction filtered. The pro- 
cedure was repeated until the filtrate became neutral 
and the filter cake was dried at 60°C in heat air. The 
degradable polymer thus obtained was 56.3g. The yield 
was 77%. The degradable polymer had a weight aver- 
age molecular weight of 334,000, and a glass transition 
temperature of 57.9°C and melting point of 159.8°C by 
differential thermal analysis. 

[0154] A press film was prepared by hot-pressing the 
resulting degradable polymer at 180°C. The press film 
had following properties. 

Thickness: 147 - 152^m 
Tensile strength: 620kg/cm 2 (break) 
Elongation: 7% 
Haze: <1% 

Flexural strength: 880kg/cm 2 


[0155] The temperature indicating a melt flow index 
(Ml-value) of 10g/10 minutes, melt tension (MT-value) 
at the temperature, yellowness (Yl-value) and evalua- 
tion on degradability are: 

5 

Temperature (Ml:10g/10min): 201°C 
Melt tension (MT-value): 5.0g 
Yellowness (Yl-value): 7.0 
Degradability: Film strength could not be measured 
10 due to degradation. 

Example 8 

[0156] To a 500ml round bottomed flask, 103.7g of 

15 88% L-lactic acid and 0.1585g of 1 ,2,3,4,5,6-cyclohex- 
anehexacarboxylic acid were charged. After heat-dis- 
solving 1 ,2,3,4,5,6-cyclohexanehexacarboxylic acid, 
0.43g of stannous oxide was added and heated with stir- 
ring at 1 40°C/1 OOmmHg for 3 hours while distilling water 

20 ouiof the reaciion system. TnereafterraDeanStark trap 
which was charged with 73g of o-dichlorobenzene was 
mounted on the flask and further 72.7g of o-dichloroben- 
zene was added to the reaction mass and azeotropic 
dehydration was carried out at 140°C/270mmHg for 4 

25 hours. Successively, the Dean Stark trap was disman- 
tled and a tube packed with 30g of molecular sieve 3A 
and 54g of o-dichlorobenzene having water content of 
10ppm or less was mounted so as to return the reflux- 
distilled organic solvent to the reaction system again af- 

30 ter passing through the molecular sieve. The reaction 
was continued by heat-stirring at 140°C/270mmHg for 
15 hours which preventing the reaction system from 
contamination of water. When the molecular weight was 
attained to 83,000, 0.1209g of 1 ,4-butanediol was add- 

35 ed and further reacted at 140°C/270mmHg for 32 hours. 
[0157] After passing through the molecular sieve, the 
organic solvent had a water content of 2ppm. The reac- 
tion mixture was cooled to 30°C. mixed with 800ml of a 
0.7% hydrochloric acid/isopropyl alcohol solution, 

40 stirred for an hour and suction filtered. The operation 
was carried out twice in order to remove the tin powder. 
[0158] Successively, the filter cake was stirred in 
600ml of isopropyl alcohol and suction filtered. The pro- 
cedure was repeated until the filtrate became neutral 

45 and the filter cake was dried at 60°C in heat air. The 
degradable polymer thus obtained was 56.3g. The yield 
was 77%. The degradable polymer had a weight aver- 
age molecular weight of 272,000, and a glass transition 
temperature of 57.7°C and melting point of 161 .1°C by 

50 differential thermal analysis. 

[0159] A press film was prepared by hot-pressing the 
resulting degradable polymer at 180°C. The press film 
had following properties. 

55 Thickness: 126 - 132jxm 

Tensile strength: 600kg/cm 2 (break) 
Elongation: 5% 
Haze: <1% 
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Fiexural strength: 760kg/cm 2 

[0160] The temperature indicating a melt flow index 
(Ml-value) of 10g/10 minutes, melt tension (MT-value) 
at the temperature, yellowness (Yl-valu ) and evalua- 
tion on degradability are: 

Temperature (Ml:10g/10min): 200°C 

Melt tension (MT-value): 1.6g 

Yellowness (Yl-value): 10.0 

Degradability: Film strength could not be measured 

due to degradation. 

Example 9 

[0161] To a 500ml round bottomed flask, 103.9g of 
88% L-lactic acid and 0.2041 g of 1 ,2,3,4-cyclopentane- 
tetracarboxylic acid were charged. After heat-dissolving 
1 ,2,3,4-cyclopentanetetracarboxylic acid, 0.43g of stan- 
nous oxide was added and heated with stirring at-1 40-G/ 
lOOmmHg for 3 hours while distilling water out of the 
reaction system. Thereafter, a Dean Stark trap which 
was charged with 73g of o-dichlorobenzene was mount- 
ed on the flask and further 73.2g of o-dichlorobenzene 
was added to the reaction mass and azeotropic dehy- 
dration was carried out at 140 °C/270mmHg for 4 hours. 
Successively, the Dean Stark trap was dismantled and 
a tube packed with 30g of molecular sieve 3A and 54g 
of o-dichlorobenzene having water content of 1 0ppm or 
less was mounted so as to return the reflux-distilled or- 
ganic solvent to the reaction system again after passing 
through the molecular sieve. The reaction was contin- 
ued by heat-stirring at 140°C/270mmHg for 5 hours 
which preventing the reaction system from contamina- 
tion of water. When the molecular weight was attained 
to 21 ,000, 0.1 505g of 1 ,4-butanediol was added and fur- 
ther reacted at 140°C/270mmHg for 33 hours. 
[0162] After passing through the molecular sieve, the 
organic solvent had a water content of 2ppm. The reac- 
tion mixture was cooled to 30°C, mixed with 800ml of a 
0.7% hydrochloric acid/isopropyl alcohol solution, 
stirred for an hour and suction filtered. The operation 
was carried out twice in order to remove the tin powder. 
[0163] Successively, the filter cake was stirred in 
600ml of isopropyl alcohol and suction filtered. The pro- 
cedure was repeated until the filtrate became neutral 
and the filter cake was dried at 60°C in heat air. The 
degradable polymer thus obtained was 56. 3g. The yield 
was 77%. The degradable polymer had a weight aver- 
age molecular weight of 272,000, and a glass transition 
temperature of 57.9°C and melting point of 1 61 .3°C by 
differential thermal analysis. 

[0164] A press film was prepared by hot-pressing the 
resulting degradable polymer at 180°C. The press film 
had following properties. 

Thickness: 125 - 132^im 

T nsile strength: 600kg/cm 2 (break) 


Elongation: 6% 
Haze:<1% 

Fiexural strength: 780kg/cm 2 

5 [0165] The temperature indicating a melt flow index 
(Ml-value) of 10g/10 minutes, melt tension (MT-value) 
at the temperature, yellowness (Yl-value) and evalua- 
tion on degradability are: 

10 Temperature (Ml:10g/10min): 203°C 
Melt tension (MT-value): 1.2g 
Yellowness (Yl-value): 14.5 
Degradability: Film strength could not be measured 
due to degradation. 

15 

Comparative Example 1 

[0166] L-Poly lactic acid having a weight average mo- 
lecular weight of 1 43 ,000 had a glass transition temper- 
as aturo of 58:0°G and melting point of 1 65:3°C by differ- 
ential thermal analysis. 

[0167] A press film was prepared by hot-pressing the 
resulting degradable polymer at 180°C. The press film 
had following properties. 

25 

Thickness: 122 - 136p.m 
Tensile strength: 570kg/cm 2 (break) 
Elongation: 7% 
Haze: <1% 
30 Fiexural strength: 900kg/cm 2 

[0168] The temperature indicating a melt flow index 
(Ml-value) of 10g/10 minutes, melt tension (MT-value) 
at the temperature, yellowness (Yl-value) and evalua- 
35 tion on degradability are: 

Temperature (Ml:10g/10min): 193°C 
Melt tension (MT-value): 0.6g 
Yellowness (Yl-value): 2.5 
40 Degradability: Film strength could not be measured 
due to degradation. 

Comparative Example 2 

45 [0169] To a 500ml round bottomed flask, 103.2g of 
88% L-lactic acid, 0.1034g of pentaerythritol and 0.43g 
of stannous oxide were charged, and heated with stir- 
ring at 1 40°C/1 OOmmHg for 3 hours while distilling water 
out of the reaction system. Thereafter, a Dean Stark trap 
so which was charged with 72g of o-dichlorobenzene was 
mounted on the flask and further 72g of o-dichloroben- 
zene was added to the reaction mass and azeotropic 
dehydration was carried out at 140°C/270mmHg for 4 
hours. Successively, the Dean Stark trap was disman- 
55 tied and a tube packed with 30g of molecular sieve 3A 
and 72g of o-dichlorob nzen having wat r content of 
10ppm or less was mounted so as to return the reflux- 
distilled solvent to the reaction system again after pass- 
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ing through the molecular sieve. The reaction was con- 
tinued by heat-stirring at 140 °C/270mmHg for 29 hours 
which preventing the reaction system from contamina- 
tion of water. 

[0170] After passing through the molecular sieve, th 
organic solvent had a water content of 2ppm. The reac- 
tion mixture was cooled to 30°C, mixed with 800ml of a 
0.7% hydrochloric acid/isopropyl alcohol solution, 
stirred for an hour and suction filtered. The operation 
was carried out twice in order to remove the tin powder. 
[0171] Successively, the filter cake was stirred in 
600ml of isopropyl alcohol and suction filtered. The pro- 
cedure was repeated until the filtrate became neutral 
and the filter cake was dried at 60°C in heat air. The 
degradable polymer thus obtained was 57.6g. The yield 
was 79%. The degradable polymer had a weight aver- 
age molecular weight of 1 31 ,000, and a glass transition 
temperature of 56.2°C and melting point of 158.0°C by 
differential thermal analysis. 

[0172] A press filrn-wasprepared -by-hot-pressing the 
resulting degradable polymer at 180°C. The press film 
had following properties. 


degree of 48% and molecular weight of 67,000 was add- 
ed and reacted by heating with stirred at 140°C / 
270mmHg for 1 6 hours which preventing the reaction 
system from contamination of water. 

5 [0175] After passing through the molecular siev ,the 
organic solvent had a water content of 2ppm. The reac- 
tion mixture was cooled to 30°C, mixed with 800ml of a 
0.7% hydrochloric acid/isopropyl alcohol solution, 
stirred for an hour and suction filtered. The operation 

10 was carried out twice in order to remove the tin powder. 
[0176] Successively, the filter cake was stirred in 
600ml of isopropyl alcohol and suction filtered. The pro- 
cedure was repeated until the filtrate became neutral 
and the filter cake was dried at 60°C in heat air. The 

15 degradable polymer thus obtained was 107.7g. The 
yield was 83%. The degradable polymer had a weight 
average molecular weight of 365,000, and a glass tran- 
sition temperature of 57.9°C and melting point of 
161 .3°C by differentia! thermal analysis. 

20 [0177] A press fiim was prepared by hot-pressing ihe 
resulting degradable polymer at 180°C. The press film 
had following properties. 


Thickness: 148 - 157^im 

Tensile strength: 51 Okg/cm 2 (break) 25 
Elongation: 5% 
Haze: <1% 

Flexural strength: 790kg/cm 2 

[0173] The temperature indicating a melt flow index 30 
(Ml-value) of 10g/10 minutes, melt tension (MT-value) 
at the temperature, yellowness (Yl-value) and evalua- 
tion on degradability are: 


Thickness: 115- 122ujn 
Tensile strength: 61 Okg/cm 2 (break) 
Elongation: 9% 
Haze: <1% 

Flexura! strength: 800kg/cm 2 

[0178] The temperature indicating a melt flow index 
(Ml-value) of 10g/10 minutes, melt tension (MT-value) 
at the temperature, yellowness (Yl-value) and evalua- 
tion on degradability are: 


Temperature (Ml:10g/10min): 176°C 

Melt tension (MT-value): 0.6g 

Yellowness (Yl-value): 2.5 

Degradability: Film strength could not be measured 

due to degradation. 

Comparative Example 3 

[0174] To a 1000ml round bottomed flask, 178.4g of 
90% L-lactic acid and 0.75g of stannous oxide were 
charged and heated with stirring at 140°C /lOOmmHg 
for 3 hours while distilling water out of the reaction sys- 
tem. Thereafter, a Dean Stark trap which was charged 
with 100g of o-dichlorobenzene was mounted on the 
flask and further 128.4g of o-dichlorobenzene was add- 
ed to the reaction mass. Azeotropic dehydration was 
carried out at 140°C/270mmHg for 8 hours. Molecular 
weight attained was 46,000. Successively, the Dean 
Stark trap was dismantled and a tube packed with 30g 
of molecular sieve 3A and 78g of o-dichlorobenzene 
having water content of 10ppm or less was mounted so 
as to return th reflux-distilled solv nt to th reaction 
system again after passing through the molecular sieve. 
Further. 1 ,30g of ethylcellulose having an ethoxylation 


Temperature (Ml:10g/10min): 194°C 

Melt tension (MT-value): 6.7g 

Yellowness (Yl-value): 20.5 

Degradability: Film strength could not be measured 

due to degradation. 


Claims 

1 . A process for preparing a degradable polymer com- 
prising reacting, by dehydration condensation in the 
presence of a catalyst, 

component (A) : an aliphatic hydroxycarboxylic 
acid, 

component (B) : one or more compounds se- 
lected from the group consist- 
ing of (b-1) polycarboxylic ac- 
ids having three or more car- 
boxyl groups, (b-2) anhydrides 
of polycarboxylic acids having 
three or more carboxyl groups, 
and (b-3) aliphatic polyhydric 
alcohols having three or more 
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hydroxyl groups, and 
component (C) : one ore more compounds 
which can undergo an esterifi- 
cation reaction with compound 
(B) and is (are) selected from 
the group consisting of (c-1) 
polycarboxylic acids having 
two or more carboxyl groups, 
(c-2) anhydrides of polycarbox- 
ylic acids having two or more 
carboxyl groups and (c-3) 
aliphatic polyhydric alcohols 
having two or more hydroxyl 
groups, 

wherein the amount of component (B) corresponds 
to 0.005 - 5 % by weight, based on the theoretical 
amount of the polymer resulting from the complete 
homopolycondensation of component (A), and the 
equivalent ratio of component (B) iocomponent (C) 
is 100: 90 -110. 

2. The process for preparing a degradable polymer 
according to claim 1 , wherein component (B) is (b- 
1) a polycarboxylic acid having three or more car- 
boxyl groups and/or (b-2) an anhydride of a poly- 
carboxylic acid having three or more carboxyl 
groups and component (C) is (c-3) an aliphatic pol- 
yhydric alcohol having two or more hydroxyl groups. 

3. The process for preparing a degradable polymer 
according to claim 1 , wherein component (B) is (b- 
3) an aliphatic polyhydric alcohol having three or 
more hydroxy! groups and component (C) is (c-1) a 
polycarboxylic acid having two or more carboxyl 
groups and/or (c-2) an anhydride of a polycarboxy- 
lic acid having two or more carboxyl groups. 

4. The process for preparing a degradable polymer 
according to claim 1 , wherein (b-1) the polycarbox- 
ylic acid having three or more carboxyl groups and 
(b-2) the anhydride of polycarboxylic acid having 
three or more carboxyl groups are a linear com- 
pound. 

5. The process for preparing a degradable polymer 
according to claim 4, wherein (b-1) the polycarbox- 
ylic acid having three or more carboxyl groups is 
butane-1 ,2,3,4-tetracarboxylic acid and (b-2) the 
anhydride of a polycarboxylic acid having three or 
more carboxyl groups is butane-1, 2,3,4-tetracar- 
boxylic anhydride. 

6. The process for preparing a degradable polymer 
according to claim 1 , wherein (b-3) the aliphatic pol- 
yhydric alcohol having three or mor hydroxyl 
groups is one or more compounds selected from the 
group consisting of glycerol, pentaerythritol, dipen- 


taerythritol, trimethylolethane, trimethylolpropane 
and inositol. 

7. The process for preparing a degradable polymer 
5 according to any of the preceding claims, wherein 
the dehydration condensation is carried out in an 
organic solvent substantially in the absence of wa- 
ter. 

10 8. The process for preparing a degradable polymer 
according to claim 7, wherein a portion or all of the 
organic solvent in the reaction system is removed 
and additional organic solvent having a water con- 
tent less than or equal to the water content dis- 

15 solved in the removed organic solvent is charged. 

9. The process for preparing a degradable polymer 
according to claim 8, wherein the additional organic 
solvent has a water content of 50ppm or less. 

20 

10. The process for preparing a degradable polymer 
according to claim 8, wherein the removed organic 
solvent is treated by bringing it into contact with a 
drying agent. 

25 

11. A process for preparing a degradable polymer ac- 
cording to claim 1 , which comprises reacting, in the 
presence of a catalyst, a cyclic dimer and/or a lac- 
tone of an aliphatic hydroxycarboxylic acid, an 

30 aliphatic polyhydric alcohol having three or more 
hydroxyl groups, a polycarboxylic acid having two 
or more carboxyl groups and/or an anhydride of the 
same, wherein the amount of the aliphatic polyhy- 
dric alcohol having three or more hydroxyl groups 

35 corresponds to 0.005 - 1 % by weight based on the 
theoretical amount of the polymer resulting from the 
complete homopolymerization of the cyclic dimer 
and/or the lactone and the equivalent ratio of the 
aliphatic polyhydric alcohol having three or more 

40 hydroxyl groups to the polycarboxylic acid having 
two or more carboxyl groups and/or the anhydride 
of the same is 100: 90- 110. 

12. The degradable polymer obtainable by the process 
45 according to any of the claims 1 to 11 . 

13. The degradable polymer according to claim 12, 
which has a melt tension of more than 1 g at a tem- 
perature at which the polymer has a melt-flow index 

50 of 10g/10 minutes. 

14. A degradable polymer according to claim 12 having 
a structure resulting from the combination of a star- 
shaped polymer comprising a polyfunctions center 

55 compound of a polycarboxylic acid having three or 
more carboxyl groups and/or an anhydride of the 
same and a unit of an aliphatic hydroxycarboxylic 
acid, through an aliphatic polyhydric alcohol having 


18 


35 


EP 0 829 503 B1 


36 


two or more hydroxyl groups. 

1 5. A degradable polymer according to claim 1 2 having 
a structure resulting from the combination of a star- 
shaped polymer comprising a polyf unctional center 
compound of an aliphatic polyhydric alcohol having 
three or more hydroxyl groups and a unit of an 
aliphatic hydroxycarboxylic acid, through a polycar- 
boxylic acid having two or more carboxyl groups 
and/or an anhydride of the same. 

1 6. A foam, molded article, container, sheet or film com- 
prising the degradable polymer according to any of 
the claims 12 to 15. 


Patentanspruche 

1. Verfahren zur Herstellung eines abbaubaren Poly- 
meren, welches die Umseizung der foigenden 
Komponenten durch dehydratisierende Kondensa- 
tion in Gegenwart eines Katalysators umfasst, 

Komponente (A): eine aliphatische Hydroxycar- 
bonsaure, 

Komponente (B): eine oder mehrere Verbindun- 
gen, die aus der Gruppe aus- 
gewahlt ist bzw. sind, die aus 
(b-1) Polycarbonsauren mit 
drei oder mehr Carboxylgrup- 
pen, (b-2) Anhydriden von Po- 
lycarbonsauren mit drei oder 
mehr Carboxylgruppen und 
(b-3) aliphatischen mehrwerti- 
gen Alkoholen mit drei oder 
mehr Hydroxylgruppen be- 
steht, und 

Komponente (C): eine oder mehrere Verbindun- 
gen, die eine Veresterungsre- 
aktion mit Verbindung (B) ein- 
gehen konnen und aus der 
Gruppe ausgewahlt ist bzw. 
sind, die aus (c-1) Polycar- 
bonsauren mitzwei oder mehr 
Carboxylgruppen, (c-2) Anhy- 
driden von Polycarbonsauren 
mit zwei oder mehr Carboxyl- 
gruppen und (c-3) aliphati- 
schen mehrwertigen Alkoho- 
len mit zwei oder mehr Hydro- 
xylgruppen besteht, 

wobei die Menge der Komponente (B) 0,005 bis 5 
Gew.-%, bezogen auf die theoretische Menge des 
durch vollstandige Homopolykondensation von 
Komponente (A) resultierenden Polym ren betragt 
und das Aquivalentverhaltnis von Komponente (B) 
zu Komponente (C) 100:90 bis 110 betragt. 


2. Verfahren zur Herstellung eines abbaubaren Poly- 
meren nach Anspruch 1 , wobei die Komponente (B) 
(b-1 ) eine Polycarbonsaure mit drei oder mehr Car- 
boxylgruppen und/oder (b-2) ein Anhydrid einer Po- 
5 tycarbonsaure mit drei oder mehr Carboxylgruppen 
ist und Komponente (C) (c-3) ein aliphatischer 
mehrwertiger Alkohol mit zwei oder mehr Hydroxyl- 
gruppen ist. 

10 3. Verfahren zur Herstellung eines abbaubaren Poly- 
meren nach Anspruch 1 , wobei Komponente (B) (b- 
3) ein aliphatischer mehrwertiger Alkohol mit drei 
oder mehr Hydroxylgruppen ist und Komponente 
(C) (c-1) eine Polycarbonsaure mit zwei oder mehr 
15 Carboxylgruppen und/oder (c-2) ein Anhydrid einer 
Polycarbonsaure mit zwei oder mehr Carboxylgrup- 
pen ist. 

4. Verfahren zur Herstellung eines abbaubaren Poly- 
ps meren nach Anspruch 1 , wobei (b-1 ) diePoiycaf- 

bonsaure mit drei oder mehr Carboxylgruppen und 
(b-2) das Anhydrid der Polycarbonsaure mit drei 
oder mehr Carboxylgruppen geradekettige Verbin- 
dungen sind. 

25 

5. Verfahren zur Herstellung eines abbaubaren Poly- 
meren nach Anspruch 4, wobei (b-1) die Polycar- 
bonsauren mit drei oder mehr Carboxylgruppen Bu- 
tan-1 ,2,3,4-tetracarbonsaure ist, und (b-2) das An- 

30 hydrid einer Polycarbonsaure mit drei oder mehr 
Carboxylgruppen Butah-1 ,2,3,4-tetracarbonsaure- 
anhydrid ist. 

6. Verfahren zur Herstellung eines abbaubaren Poly- 
35 meren nach Anspruch 1 , wobei (b-3) der aliphati- 
sche mehrwertige Alkohol mit drei oder mehr Hy- 
droxylgruppen eine oder mehrere Verbindungen 
darstellt, die aus der aus Glycerin, Pentaerythrit, Di- 
pentaerythrit, Trimethylolethan, Trimethylolpropan 

40 und Inosit bestehenden Gruppe ausgewahlt ist bzw. 
sind. 

7. Verfahren zur Herstellung eines abbaubaren Poly- 
meren nach einem der vorhergehenden Patentan- 

45 spruche, wobei die dehydratisierende Kondensati- 
on in einem organischen Losungsmittel im wesent- 
lichen in Abwesenheit von Wasser durchgefuhrt 
wird. 

50 8. Verfahren zur Herstellung eines abbaubaren Poly- 
meren nach Anspruch 7, wobei ein Teil oder die Ge- 
samtmenge des organischen Losungsmittels in 
dem Reaktionssystem entfemt wird und zusatzli- 
ches organisches Losungsmittel, dessen Wasser- 
55 gehalt geringer als der Wassergehalt in dem ent- 
fernten organischen Losungsmittel oder diesem 
gleich ist, zugesetzt wird. 
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9. Verfahren zur Herstellung eines abbaubaren Poly- 
meren nach Anspruch 8, wobei das zusatzliche or- 
ganische Losungsmittel einen Wassergehalt von 50 
ppm Oder weniger hat. 

10. Verfahren zur Herstellung eines abbaubaren Poly- 
meren nach Anspruch 8, wobei das entfernte orga- 
nische Losungsmittel durch Kontaktieren mit einem 
Trocknungsmittel behandelt wird. 

11. Verfahren zur Herstellung eines abbaubaren Poly- 
meren nach Anspruch 1, welches die Umsetzung 
eines cyclischen Dimeren und/oder eines Lactons 
einer aliphatischen Hydroxycarbonsaure, eines ali- 
phatischen mehrwertigen Alkohols mit drei oder 
mehr Hydroxylgruppen, einer Polycarbonsaure mit 
zwei oder mehr Carboxylgruppen und/oder eines 
Anhydrids dieser in Gegenwart eines Katalysators 
umfasst, wobei die Menge des aliphatischen mehr- 
wertigen Alkohols mit.drei oder. mehr Hydroxylgrup- 
pen 0,005 bis 1 Gew.-%, bezogen auf die theoreti- 
sche Menge des durch vollstandige Homopolyme- 
risation des cyclischen Dimeren und/oder des Lac- 
tons resultierenden Polymeren entspricht und das 
Aquivalentverhaltnis des aliphatischen mehrwerti- 
gen Alkohols mit drei oder mehr Hydroxylgruppen 
zu der Polycarbonsaure mit zwei oder mehr Car- 
boxylgruppen und/oder deren Anhydrid 1 00 : 90 bis 
110betragt. 

12. Abbaubares Polymer, erhaltlich durch das Verfah- 
ren nach einem der Anspriiche 1-bis 11 . 

13. Abbaubares Polymer nach Anspruch 12, das eine 
Schmelzspannung von mehr als 1 g bei einer Tem- 
peratur hat, bei der das Polymer einen Schmelz- 
flieBindex von 10 g/10 min hat. 

14. Abbaubares Polymer nach Anspruch 12, das eine 
Struktur aufweist, die durch Kombination eines 
sternformigen Polymeren, das eine polyfunktionelle 
Zentralverbindung aus einer Polycarbonsaure mit 
drei oder mehr Carboxylgruppen und/oder einem 
Anhydrid dieser aufweist, und Einheiten einer ali- 
phatischen Hydroxycarbonsaure uber einen alipha- 
tischen mehrwertigen Alkohol mit zwei oder mehr 
Hydroxylgruppen resultiert. 

15. Abbaubares Polymer nach Anspruch 12, das eine 
Struktur hat, die durch Kombination eines sternfor- 
migen Polymeren, das eine polyfunktionelle Zen- 
tralverbindung aus einem aliphatischen mehrwerti- 
gen Alkoho! mit drei oder mehr Hydroxylgruppen 
und Einheiten einer aliphatischen Hydroxycarbon- 
saure uber eine Polycarbonsaure mit zwei oder 
mehr Carboxylgruppe und/oder einem Anhydrid 
dieser resultiert. 


10 


16. Schaummaterial, Formkorper, Behalter, Platte oder 
Folie, der bzw. die das abbaubare Polymer nach ei- 
nem der Anspruche 12 bis 15 enthalt. 


Rev ndications 

1 . Procede de preparation d'un polymere degradable 
comprenant la reaction, par condensation par des- 
hydratation en presence d'un catalyseur, du 
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3. 


composant (A) : 
composant (B) : 


composant (C) : 


un acide hydroxycarboxylique 
aliphatique, 

un ou plusieurs composes chol- 
sis dans le groupe constitue par 
(b-1) des acides polycarboxyli- 
ques ayant trois groupes car- 
boxyle ou plus, (b-2) des anhy- 
drides d'acides polycarboxyli- 
ques ayant trois groupes car- 
boxyle ou plus, et (b-3) des al- 
cools polyhydroxyles aliphati- 
ques ayant trois groupes hy- 
droxyle ou plus, et 
un ou plusieurs composes qui 
peuvent subir une reaction 
d'esterification avec le compo- 
se (B) et qui est (sont) choisi(s) 
dans le groupe constitue par (c- 
1) des acides polycarboxyli- 
ques ayant deux groupes car- 
boxyle ou plus, (c-2) des anhy- 
drides d'acides polycarboxyli- 
ques ayant deux groupes car- 
boxyle ou plus et (c - 3) des al- 
cools aliphatiques polyhy- 
droxyles ayant deux groupes 
hydroxyle ou plus, 


dans iequel la quantite du composant (B) corres- 
pond a 0,005 - 5% en poids, rapporte a la quantite 
theorique du polymere resultant de I'homopolycon- 
densation complete du composant (A), et le rapport 
equivalent du composant (B) au composant (C) est 
100:90- 100. 

Proced§ de preparation d'un polymere degradable 
selon la revendication 1 , dans Iequel le composant 
(B) est (b-1) un acide polycarboxylique ayant trois 
groupes carboxyle ou plus et/ou (b-2) un anhydride 
d'un acide polycarboxylique ayant trois groupes 
carboxyle ou plus et le composant (C) est (c-3) un 
alcool polyhydroxyle aliphatique ayant deux groupe 
hydroxyle ou plus. 

Procede de preparation d'un polymer degradable 
selon la revendication 1 , dans Iequel le composant 
(B) est (b-3) un alcool poly hydroxy^ aliphatique 
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ayant trois groupes hydroxyle ou plus et le compo- 
sant (C) est (c-1) un acide polycarboxylique ayant 
deux groupes carboxyle ou plus et/ou (c-2) un an- 
hydride d'un acide polycarboxylique ayant deux 
groupes carboxyle ou plus. 5 

4. Procede de preparation d'un polymere degradable 
selon la revendication 1, dans lequel (b-1) I'acide 
polycarboxylique ayant trois groupes carboxyle ou 
plus et (b-2) ('anhydride d'acide polycarboxylique 10 
ayant trois groupes carboxyle ou plus sont un com- 
pose lineaire. 


ayant trois groupes hydroxyle ou plus, d'un acide 
polycarboxylique ayant deux groupes carboxyle ou 
plus et/ou un anhydride de celui-ci, dans lequel la 
quantite de I'alcool polyhydroxyle aliphatique ayant 
trois groupes hydroxyle ou plus correspond k 0,005 
- 1% en poids rapporte k la quantite theorique du 
polymere resultant de I'homopolymerisation com- 
plete du dimere cyclique et/ou de la lactone et le 
rapport equivalent de I'alcool polyhydroxyle alipha- 
tique ayant trois groupes hydroxyle ou plus k I'acide 
polycarboxylique ayant deux groupes carboxyle ou 
plus et/ou I'anhydride de celui-ci est 100 : 90-110. 


5. Procede de preparation d'un polymere degradable 
selon la revendication 4, dans lequel (b-1 ) I'acide '5 
polycarboxylique ayant trois groupes carboxyle ou 
plus est I'acide butane-1 ,2,3,4-tetracarboxyiique et 
(b-2) I'anhydride d'un acide polycarboxylique ayant 
trois groupes carboxyle ou plus est I'anhydride bu- 
tane-1 ,2,3,4-tetracarboxyiique. 20 

6. Procede de preparation d'un polymere degradable 
selon la revendication 1, dans lequel (b-3) I'alcool 
polyhydroxyle aliphatique ayant trois groupes hy- 
droxyle ou plus est un ou plusieurs composes choi- 25 
sis dans le groupe constitue par le glycerol, le pen- 
taerythritol, le dipentaerythritol, le trimethyloietha- 

ne, le trimelhylolpropane et i'inositol. 

7. Procede de preparation d'un polymere degradable 30 
selon Tune quelconque des revendications prece- 
dentes, dans lequel on effectue la condensation par 
deshydratation dans un solvant organ ique sensi- 
blement en absence d'eau. 

35 

8. Procede de preparation d'un polymere degradable 
selon la revendication 7, dans lequel on elimine une 
partie ou la totality du solvant organique dans le 
systeme reactionnel et on charge un solvant orga- 
nique additionnel ayant une quantite en eau infe- 40 
rieure ou egale k la quantite d'eau dissoute dans le 
solvant organique elimine. 

9. Procede de preparation d'un polymere degradable 
selon la revendication 8, dans lequel le solvant or- 45 
ganique additionnel a une quantite en eau de 50 
ppm ou moins. 


12. Polymere degradable pouvant etre obtenu par le 
procede selon Tune quelconque des revendications 
1 k 11. 

1 3. Polymere degradable selon la revendication 1 2, qui 
a une tension k Petat fondu superieure k 1 g k une 
temperature k laquelle le polymere a un indice 
d'ecoulement k I'etat fondu de 10 g/10 minutes. 

14. Polymere degradable selon la revendication 12 
ayant une structure resultant de la combinaison 
d'un polymere en forme d'etoile comprenant un 
compost central polyfonctionnel d'un acide poly- 
carboxylique ayant trois groupes carboxyle ou plus 
et/ou d'un anhydride de celui-ci et d'une unite d'un 
acide hydroxycarboxylique aliphatique, atravers un 
alcool polyhydroxyle aliphatique ayant deux grou- 
pes hydroxyle ou plus. 

15. Polymere degradable selon la revendication 12 
ayant une structure resultant de la combinaison 
d'un polymere en forme d'etoile comprenant un 
compost central polyfonctionnel d'un alcool poly- 
hydroxyle aliphatique ayant trois groupes hydroxyle 
ou plus et d'une unite d'un acide hydroxycarboxyli- 
que aliphatique, k travers un acide polycarboxyli- 
que ayant deux groupes carboxyle ou plus et/ou un 
anhydride de celui-ci. 

16. Article, conteneur, feuille ou film, mouie, en mousse 
comprenant le polymere degradable selon I'une 
quelconque des revendications 12 & 15. 
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10. Procede de preparation d'un polymere degradable 
selon la revendication 8, dans lequel on traite le sol- so 
vant organique elimin6 en I'amenant en contact 
avec un agent deshydratant. 


11. Procede de preparation d'un polymere degradable 
selon la revendication 1 , qui comprend la reaction, 55 
en presence d'un catalyseur, d'un dimer cycliqu 
et/ou d'une lactone d'un acide hydroxycarboxylique 
aliphatique, d'un alcool polyhydroxyle aliphatiqu 
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